Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



•- J ■ 



TEXT-BOOKS OF SCIENCE 



ADAPTED FOR THE USE OF 



ARTISANS AND STUDENTS IN PUBLIC AND OTHER SCHOOLS. 



ORGANIC CHEMISTRY, 



LONDON : PRINTED BY 

SHOTTISWOODE AND CO., NEW-STREET SQUARE 

AND PARLIAMENT STREET 



INTRODUCTION TO THE STUDY 



OF 



ORGANIC CHEMISTRY. 



TJIE CHEMISTRY 



CARBON AND ITS COill^Z^ritLJ^ 



£T 



HENRY E. ARilSTROXG. FH-Ii-^ FCS 



Pr^€ai^ff 



dite ZsnigK. /<nr!.'jr tfK 






t - • 



LOXDOX: 
LONGMANS, GREEK. AXI/ CO, 



/Ji'k"'*-' T"""^ 



PREFACE. 



The first part of this work deals with the methods 
employed in ascertaining the composition of Carbon 
Compounds ; the representation of carbon compounds 
by empirical formulae, and by formulae which not only 
express their composition, but also to a certain extent 
picture their nature, is then briefly discussed. After 
a short description of the action of various reagents 
on carbon compounds,, the compounds of carbon with 
oxygen, with sulphur, and with nitrogen, are briefly 
considered. The great family of hydrocarbons are 
next described ; and the remaining families of carbon 
compounds are then considered in the order of their 
relation to the hydrocarbons, which are regarded as 
forming the parent series. 

A very large number of substances have necessarily 
remained unnoticed ; in fact, with few exceptions, only 
those compounds have been described of which the 
relations to other well understood bodies have been 
satisfactorily established, the object of this work being 
to assist the systematic study of carbon comipo\md?>, 
2nd to draw attention to the intimate relatiotvs vj\v\Oa. 
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exist amongst them, rather than to enumerate and 
describe individual compounds. 

The division of carbon compounds into two great 
groups of fatty and aromatic substances, which has 
found favour of late years, has not been adopted. It 
appears to have arisen from the comparison of single 
substances, and cannot be sustained, I believe, if whole 
series are contrasted. It is now placed beyond doubt 
that in each homologous series of carbon compounds 
the properties (physical and chemical) of the succes- 
sive terms undergo from first to last a progressive 
modification, and there is every reason to believe that 
in like manner the successive terms in each isologous 
series undergo a progressive modification. At pre- 
sent we are not acquainted with a single complete 
homologous or isologous series, so that it is difficult 
to draw conclusions ; but, to judge from the evidence 
at our disposal, it appears highly probable that the 
modification in properties from term to term of each 
homologous and isologous series is of so gradual a 
character that continuity may be said to exist 
throughout. If so, it is as little possible to divide 
carbon compounds into two great groups as it is 
to draw a line which shall sharply divide so-called 
inorganic and organic compounds ; that such a divi- 
sion appears possible at present is simply the conse- 
quence of the number of links which are still missing 
In the chain of facts. 
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ORGANIC CHEMISTRY. 



CHAPTER I. 

INTRODUCTION. 

Chemistry being defined as the study of the nature and 
properties of the various elements; of the laws according to 
which these elements enter into combination with each 
other ; and of the nature and properties of the compounds 
formed by their imion ; organic chemistry may be generally 
defined as the chemistry of carbon and its compounds, since 
carbon is the one essential element in all organic com- 
pounds. 

The separation of chemical science into the two branches 
of inorganic and organic chemistry is in reality arbitrary, 
but it is convenient, simply on account of the enormous 
number, and special importance, of the compounds in- 
cluded in the latter division ; not that they are in any way 
subject to different laws from those which govern inorganic 
compounds. 

By the older definition, only such bodies as were formed 
within the animal or plant were included in the category of 
organic compounds. It was generally held that the interposi- 
tion of the so-called vital force vfdiS absolutely essential to 
their formation, and their artificial production was theieiote 
legaided as impossible. This idea, however, was disptoveA. 
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by the synthesis ^ of tirea, a crystalline substance secreted ir 
the urine of man and mammiferous animals, effected bi 
Woehler in the year 1828, and since that time many othe: 
organic bodies which occur naturally have been artificiallj 
produced. 

The most important organic substances met with ii 
nature are those in which carbon is associated in variou: 
multiple proportions with the elements hydrogen anc 
oxygen ; next in importance are those containing nitrogei 
in addition to these ; sulphur and phosphorus also ar< 
present in some few. A very large number have been ob 
tained artificially, containing either chlorine or bromine 
iodine, silicon, or one or other of the metals ; in fact, then 
is little doubt that any of the known elements may ente: 
into th^ composition of carbon compounds. 

DETERMINATION OF THE COMPOSITION OF CARBON 

COMPOUNDS. 

I. Estimation of Carbon and Hydrogen, — All organic sub 
stances, when burnt under favourable conditions with z 
sufficiency of oxygen, yield the whole of their carbon in the 
form of carbonic anhydride (CO2), and their hydrogen ir 
the form pf water. In order therefore to determine quali 
tatively the presence of carbon and hydrogen, the substance 
is heated to redness either in oxygen gas, or mixed with aii 
easily reducible metallic oxide, such as cupric oxide (CuO). 
and the gaseous products are passed first through a cold drj 
tube, and then into lime or baryta water. Provided that 
all the materials employed, and all parts of the apparatus, 
were in the first instance perfectly dry, the deposition ol 
water in the cold tube, and the formation of a white preci- 
pitate (calcic or baric carbonate) iij the lime or baryta water, 
would afford conclusive proof that the substance examined 
contained both carbon and hydrogen. 

^ Synthesis 1 putting togd^iet. 
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The quandoctive estimation of these two elements is in 
principle the same, and simply consists in determining the 
mounts of carbonic anhydride, and water, yielded by a 
known weight of substance. In the following an outline of 
the method usually employed is given : — 

The combustion, as the operation is termed, is performed in 
a tube of hard Bohemian glass, drawn out at one end to a fine 
point and closed (fig. i). This tube must be perfectly dry. 
A length of about five inches at the closed end is filled with 
granulated, freshly-ignited cupric oxide, and if the substance 
to be analysed is solid,' a weighed quantity of it ('S-'S grm.), in 
as finely-divided a state as possible, is then introduced, rinsed 
down the sides of the tube by fresh cupric oxide, and intimately 
mixed therewith by means of a long polished brass wire ter- 
minating in a spiral (fig. 2). The tube is afterwards filled to 
within about two inches of the open end with cupric oxide, and 
the tared apparatus for collecting the water is attached by 
means of a well-fitting, dry cork ; it is then placed in the 
fiiraace, and the tared bulbs in which the carbonic anhydride 
is to be absorbed are attached to the drying tube by a short 
length of caoutchouc tubing. The disposition of the entire 
apparatus will be evident from fig. 3. 

The drying tube A contains porous pieces of calcic chloride, 
idiich reaidily absorbs water, but does not retain carbonic anhy- 
dride ; or pieces of pumice soaked in concentrated sulphuric 
add; the latter being preferable owing to its superior desic- 
catii^ powers. The bulb apparatus B, in which the carbonic 
anhydride is retained, is filled with a solution of potassic 
hydrate, prepared by dissolving one part of the solid in two 
parts of water. 

The tightness of the various junctions having been ascer- 
tained, the fore part of the tube containing only cupric oxide 
is heated to redness ; when red hot, the mixture of substance 

1 If the substance is liquid it must be sealed up in a small weighed 
glass bulb with a narrow stem drawn out to a fine point ; this is again 
wei^^ed, the fine point is broken off, and the bulb is dropped into the 
tube. Oily or fatty bodies are placed in a porcelain or p\atVD»xa\ioa.\.^ 
vludi as poshed down the tube. 

B2 
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and cupric oxide is caiefbDy heated, commendng at die 
end of the tube most distant from the absorption ^ipaxatiis. 
The vapours of the substance dien become entirdy burnt to 
carbonic anhydride and water, in their passage over die red-hot 
cupric oxide: the water collects in the drying tube, and the 
carbonic anhydride is retained in the potash bulbs. The 
heat must be so r^ulated that a slow, unifoim stream of 
gas bubbles passes into the bulbs. So soon as the tube is 
heated to redness from end to end, and gas ceases to be 
evolved, the fine point of the c(nnbustion tube is bcoken ofl^ and, 
by means <^ an aspirator attached to the potash bulbs, a slow 
stream of air is drawn through the aj^iaratus in order to carry 
over the carbonic anhydride and aqueous vapour remaining in 
the tube into the absorption apparatus, 

A better plan, however, is to connect die point of the tube 
with a gashdder filled widi oxygen, and, after breakii^ ofi" the 
point, to force a current of that gas diroi^ the tube. The 
oxygen must be previously passed throi^ several tubes filled 
with pieces of sc^d potassic hydrate, and through concentrated 
sulphuric acid, in order to free it from all traces of carbcmic anhy- 
dride and moisture. In this way, not only is the carbcmic anhy- 
dride remaining in the tube swept over into the potash bulbs, but 
any portions of carbon which may have escaped combustion by 
the cupric oxide — and when difficuldy combustible substances 
are burnt, this often occurs — are also converted into carbonic 
anhydride. 

The potash bulbs and drying tube are then detached, allowed 
to cool down to the temperature of the balance case, and 
weighed. The increase of weight represents the amounts of 
carbonic anhydride, and water, yielded by the combustion of 
the weight of substance employed. From these dau it is easy 
to calculate the percentage composition of the body analysed. 

Since every 44 parts of catbonic anhydride contain 12 parts 
of carbon, or every 11 parts 3, the amount of carbon in the 
weight of substance burnt is obtained by multiplying the weight 
of carbonic anhydride formed by 3 and dividing the product by 
II. Similarly, by dividing the weight of water by 9, we obuin 
the weight of hydrogen. 

^ 11 ' ^'^ o 
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By simple rule of three — multiplying the amounts of carbon 
and hydrogen obtained by loo, and dividing the products by the 
weight of substance taken — ^we then ascertain the number of 
parts of carbon and hydrogen of which every loo parts of the 
substance consist 

For example, the foDowing numbers were obtained by com- 
bustion of turpentine-oil : 

•2500 grm. gave '8085 grm. CO^ and •2655 grm. OHg. 
Now -8085 grm. CO, « -2205 grm. C ; and •2655 grm. OH^ = 
-0295 gim. H ; hence every 100 parts of turpentine-oil consist of : 

Carbon 88*20 
Hydrogen 11 -80 

lOOXX) 

When substances containing nitrogen are burnt with 
cupric oxide, the greater part of the nitrogen is evolved as 
such, but a portion is always oxidised, and if nitric oxide 
is formed, it becomes converted into nitric peroxide on 
meeting with air in the potash bulbs, which is absorbed by 
the potassic hydrate, thus rendering the carbon determi- 
nation inexact This source of error, however, is readily 
eliminated by placing a roll of metallic copper in the fore 
part of the tube in front of the cupric oxide. If kept at a 
bright red heat during the combustion, this decomposes 
any oxide of nitrogen, itself absorbing the oxygen and 
setting free the nitrogen. 

It is often necessary to substitute plumbic chromate for 
cupric oxide : compoimds containing chlorine or bromine 
yield, when burnt with cupric oxide, volatile cupric chloride, 
or bromide, which condense in the drying tube 3 sulphur 
compounds yield sulphurous anhydride, which is absorbed 
in the potash bulbs, and salts of the alkali metals yield a 
residue of metallic carbonate, which is not decomposed in 
contact with cupric oxide, so that too little carbonic anhy- 
dride is obtained. 

If such substances are biunt with plumbic chromate, 

however, non-volatile plumbic chloride, bromide, and sul- 

plmte are formed, and the alkali salts ai^ ea6x^^ ^"e.cQivsx- 
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posed. The use of plumbic chromate is also advisable in 
the case of difficultly combustible substances. 

Determinations thus made are of course never absolutely 
correct — there is always a certain amount of experimental 
error. The carbon determination is usually from one to 
two-tenths per cent, too low, owing chiefly to incomplete 
combustion ; the hydrogen about the same amount too 
high, in consequence of the imperfect removal of adherent 
moisture from the combustion tube and other materials 
employed. 

Determination of Nitrogen, — The majority of nitrogenous 
organic substances, when strongly heated with potassic, or 
sodic hydrate, give off the whole or part of the nitrogen 
which they contain in the form of ammonia, but the follow- 
ing is the only test which permits the detection of nitrogen 
in all cases : 

The suspected substance is heated with a small piece of 
potassium or sodium, when violent reaction usually takes place ; 
the mass is dissolved in water, the solution filtered, a few drops 
of ferrous sulphate and ferric chloride solutions are added, and 
then an excess of hydrochloric acid. If a blue precipitate 
(Prussian blue) remain, or is deposited from the greenish solu- 
tion on standing, nitrogen is present. (For explanation of the 
reactions which occur, see p. 62.) 

Nitrogen may be readily estimated in compounds from 
which the whole of the nitrogen is evolved as ammonia on 
heating with caustic alkali, by igniting an intimate mixture 
of a known weight of the substance with soda-lime^ in a 
glass tube, and collecting the ammonia in a bulb apparatus 
containing hydrochloric acid (fig. 4). 

Ammonic chloride is then formed, which is estimated as 
anunonic-platinic chloride as follows : — 

The hydrochloric solution is mixed with an excess of platinic 

' Soda-lime is a mixture of sodic hydrate and calcic oxide (quick 
lime) ; it is infusible at a red heat, and is easily powdered, whereas sodic 
hydrate is easiJ/ fusible and extremely hygroscopic, and Casmot Oa.«ttlOT<i 
heintinuuely mixed with the substance* 
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chloride, and evaporated to dryness on the water-bath ; the 
residue is treated with a mixture of alcohol and ether, which 
dissolves the excess of platinic chloride, leaving the amnionic- 
platinic chloride (NHJjPtClg, which is collected on a tared 
filter, dried at loo®, and weighed ; or the salt and its filter are 
carefully ignited in a crucible, and the amount of metallic 
platinum remaining determined 

Since (NHJ^PtCl^ : N, = 438 : 28 

or Pt : Nj = 197 : 28 

then, if jr or J' be respectively the weight of double salt, or of 
metallic platinum, obtained, the weight of nitrogen, N, contained 
in the weight of substance (ze/) taken for analysis, is obtained 
by the following proportions : 

438 : 28 = jr : N 
197 : 28 = ^^ : N 

and the number of parts of nitrogen (N/) contained in every 
100 parts of the substance analysed by the proportion ; 

N : 100 « a/ : N^. 

The amount of ammonia formed may also be determined by 
conducting it into a measured volume of sulphuric acid of 
known strength, and determining after the combustion t)y titra- 
tion the amount of acid still unneutralised. 

To determine nitrogen in compounds which do not 
evolve the whole of the nitrogen they contain as ammonia, 
when heated with alkali (nitro-compounds, &c.), Dumas' 
volumetric method, which indeed is pipplicable in all cases, 
is employed. 

The substance is intimately mixed with cupric oxide, as in 
the determination of carbon and hydrogen, and a roll of 
metallic copper is placed in the fore part of the tube ; but 
before filling in the cupric oxide, a quantity of hydric sodic 
carbonate, NaHCOj, or of a mixture of dry sodic carbonate and 
potassic dichromate, sufficient to occupy about six inches at the 
sealed end of the tube, is introduced. The tube is provided 
with a delivery tube, dipping under mercury (fig. 5). Before 
commencing the combustion^ a portion of the "b^dnc so^vc cax- 
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bonate, or of the chromate mixture, is heated : carbonic an- 
hydride is evolved,* and expels the air from the tube. When 
the escaping gas is found, on testing, to be entirely absorbed 
by potassic hydrate solution, a graduated glass vessel, two- 
thirds filled with mercury, and one-third with potassic hydrate 
solution, is inverted over the delivery tube, and the metallic 
copper and cupric oxide, and afterwards the mixture of sub- 
stance and oxide, are heated to redness. The products of 
combustion, viz. carbonic anhydride and nitrogen, pass over 
into the graduated tube, where the former is absorbed by the 
potassic hydrate. At the close of the combustion, the remaining 
sodic carbonate is heated,and the whole of the nitrogen in the tube 
swept over by the current of carbonic anhydride. The tube is 
then transferred to a vessel of water, and the mercury and 
potassic hydrate solution are allowed to fall out and becopie 
replaced by water ; it is then raised perpendicularly until the 
water in and outside are on a level, and the volume of nitrogen 
is read oflf, the temperature and pressure under which it is mea- 
sured are also noted, and from these data the weight of nitrogen 
w, is calculated by the formula : 



w = -0012566 V 



B-/ 



I + '00367/** 760 

in which v is the volume read oflf in cubic centimetres, /° the 
temperature of the gas, B the height of the barometer in milli- 
metres, and ^the tension of aqueous vapour at the tempera- 
ture /°, expressed in millimetres of mercury. The constant 
•0012566 is the weight in grammes of one cubic centimetre of 
nitrogen at o®C. and under 760 mm. pressure. 

Determination of Oxygen, — No simple method of esti- 
mating oxygen has been devised. It is usually estimated 
by difference, that is, by determining all the other elements 
present in the compound, and deducting the sum of their 
percentages from loa 

Determination of Chlorine, Bromifie, Iodine^ Sulphury 
and Phosphorus, — These elements can seldom be detected 

» 2NaHC08 = COa + OHj + NaaCOg. 
NasCOg + KsCr^Oj = COa + NaaCr04-¥KaCiO 4. 



Determination of Chlorine and Sulphur. ''•'•>i 

in organic bodies by the ordinary tests, but only after 
destroying the compound by ignition with an alkali or a 
metallic oxide, or by heating with concentrated nitric acid. 

A variety of methods for determining these elements 
have been proposed, but one of the simplest is that devised 
b^Carius. 

A weighed quantity of the substance (•2-*3 grm.) is intro- 
dnced, together with about 5 grms. of nitric acid (Sp. gr. 1*5) — 
and if the substance contain chlorine, bromine, or iodine, a few 
crystals of argentic nitrate — into a piece of combustion tube 
15-18 inches long, seciu-ely sealed at one end. The open end 
is next drawn out to a point and sealed, and the tube is then 
heated in ail oil-bath for 2-4 hours, at a temperature of 150®- 
300®, according to the nature of the substance. When cool, 
the point of the tube is carefully opened in the blow-pipe flame, 
the gas is allowed to escape, the top of the tube is cut off, and 
the contents washed into a beaker. Supposing the substance to 
have contained chlorine, bromine, or iodine and sulphur, or 
phosphorus, the argentic chloride, bromide, or iodide, is filtered 
off and weighed ; the excess of silver in solution is precipitated 
by hydrochloric acid, the precipitate is removed by filtration, 
and the sulphm* or phosphorus, present in the filtrate as sul- 
phuric or phosphoric acid, may then be determined in the usual 
manner by precipitation as baric sulphate, or ammonic magnesic 
phosphate respectively. 

Chlorine (bromine or iodine) may also be estimated by 
heating the substance to redness in a tube with pure quick- 
lime, whereby calcic chloride (bromide, iodide) is formed. 
The contents of the tube are afterwards dissolved in dilute 
nitric acid, and the chlorine (bromine or iodine) precipi- 
tated as argentic chloride (bromide or iodide). Again, 
sulphur and phosphorus may be determined by fusing the 
organic substance with pure sodic hydrate and potassic 
nitrate, or by heating in a tube with sodic carbonate, or 
potassic chlorate. In all these cases a sulphate, or phos- 
phate, is formed hy the oxidation of the sulphur, 01 ^\vov 
phorus, which is then estimated in the usual manneT. 
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All other elements occasionally met with in organic 
compounds are determined by the ordinary methods, but 
usually after the organic character of the substance has been 
destroyed by ignition or oxidation. 

EMPIRICAL FORMULiE. 

Having determined the percentage composition of an 
organic substance, it is easy to deduce the empirical formula, 
or simplest expression of the results of analysis in terms of 
the values represented by the symbols of the elements 
present in the compound. 

The method is to divide the percentage numbers by the 
combining weights of the elements to which they refer, and 
afterwards to reduce the quotients to their simplest expres- 
sion. The following examples may serve as illustrations : — 

By analysis of acetic acid, it is found that loo parts 
consist of 

Carbon 39*96 

Hydrogen 674 

Oxygen (by difference) . . . 53*30 

lOO'OO 

By dividing these numbers respectively by the combining 
weights of carbon, hydrogen, and oxygen, thus — 

32J6 = 3.33 ; 614 ^ 6.74 . Sm = 3.33, 

numbers are obtained as quotients which, bearing in mind 
the unavoidable errors of experiment, evidently are in the 
proportion of i : 2 : i ; the empirical formula (CH2O) is 
therefore assigned to acetic acid. 

Again, 100 parts of turpentine-oil contain 

Carbon 88*20 

Hydrogen 11 -80 

1 00 'GO 

88' 20 11 '80 o 

now ZZ-fZ = 7-^e ; - - =s ii-^o. 
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Dividing the quodeDt 11 '80 bj die qoodent 7'35 

r-i — =■ 1*6 K it is found tiiat for evenr unit weidit of 

V7-35 J . ' 

carbon, turpentine contains 1-6 imit wei^its of hydrogen. 

or 10 of carbon and 16 of hydrogen ; consequenily the 
simplest expression of the composition of a substance con* 
taining 88*20 per cent of caibon and ii'8o per cent, of 
hydrogen is given by the formula C^H^ 

If the numbers obtained by analysis vere rigidly exact. 
there would evidently be no difiScuhy in determining the 
empirical formula of any compound, but since diis is not 
the case, it is often necessary, in order to axrive at the 
true expression, not only to analyse die substance itseU^ 
but also to examine its behaviour under various con- 
ditions, and to prepare from it if possible, and analyse, a 
series of derivatives. In all cases, to ascertain hjr or the 
empirical formula calculated is admissible, the percentage 
composition of a body having the formula deduced nrut be 
calculated and compared with the percentage cumbers ob- 
tained by actual analysis ; if the two agree within the Hmfts 
of usual error of experiment, the forainla may be accepted. 
For example, the percentage ccHnposition of narcotine as 
found by analyas is : 

Carbon .... 6378 per cenL 

Hydrogen .... 576 „ „ 

Nitrogen .... 332 „ „ 

Oxygen .... 2714 „ ^ 

lOO'OO 

from which the formula CnHj^NOj has been deduced 
Calculating the percentages reqpnred by that formula as 
follows : — 

Carbon . . . . 22 x 12 = 264 

Hydrogen . . . 23 x i ss 23 

Nitrogen . . . i x 14 = ii( 

Oxygen . . . . 7 x 16 = 112 

4^3 
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413 : 264 = 100 : 63-92 

413 : 23 = 100 : 5*57 
413 : 14 =r 100 : 339 

413 : 112 = 100 : 27*12 

lOO'OO 

it is evident that diere is a &dr agreement between the 
c«AlcuUited and expeiimental numbers ; as is usual, th6 
,^n;iK*^$ shov^ a slight excess of hydrogen, and a slight 
dcticiencv of carbcA. 



MOLECULAR OR TWO-VOLUME FORMULAE. 

The Jonnul« generally employed to represent chemical 
\\>n\(KHmd$ are what are tiomed molecular formulae : on the 
H^KMuio hyjy>ihe$is diey are regarded as expressing the abso- 
luir number of atoms of die various elements contained in the 
n\olc\'ulc;fs or least quantities capable of existing in the free 
stat\>* iMT the com|Kmnds to which they refer. 

A\Vim frv^n this h\*pothesis. however, the so-called mole- 
cuUr fvmuula of a compound is, as a matter of fact, that 
tvmnuU which ex|>resses die relative number of unit weights 
of the elements of which it is composed present in a volume 
of it* Vi^HHir ev^ual to the volume occupied by two unit 
\STlghtH of hulrogen mndar the same emotions as to tempera^ 

All AMm\uUx> constructed on this tmderstanding therefore 
re|vre»cm am\ivarable quantities of the substances to which 
thev reler taken in the gaseous state. 

'rhv\« the (v>rmula C|H40^ for acetic acid, represents that 
it Im a iXMniHHmd of two unit weights, or 12 x 2 parts, of 
(Ntrbou \ of 4 unit ^*eights, or 4 x i parts, of hydrogen ; 
uiul of • unit »*eights, or 2 x 16 parts, of oxygen, the 
whit1\ <>o \wtit («4 + 4 + 3^^) of acetic acid occupy in 
4 jt»$ti>u$ condition the same volume as two parts of 
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hydrogen at the same tempeiatiire zad nDder die 
piessoie. 

If then it be agreed to consider the yrotsrat ooczp 
two parts by wei^t of hydrogen ax any r^n^^^M >.r 
under any pressure as two Tcdnmes, the 



present the number of paits by wd^xi of iht gilnr^r i tr> to 
which they lefar, which occupy in the gaseocs scz:e dke 
Tohime of two parts by weig^ of hydrogen nader 'Sk* coor- 
ditions as to temperatore and pressoie. may cocrre3eac5T 
be termed two-volmne fomnilz. It b Kxmx2s V2sz vat 
equations in wiiich these fcHnmbe are made :3se Kdre^nsesc 
not only the number of parts by wei^^ bat also dke zmnosr 
of volumes in the gaseous staie, of die agents 22x! itsEJSsics. 
Thus the equation re{»esenting die combcskm of msziii 
gas in oxygen : 

CH4 + 20, = CO, -f 2OH, 

conreys the information that srrtmi parts by wtdcri: of 
marsh gas, or two volumes, burnt wiih sJiiy- ^gcr pars 'vr 
weight, or four volumes, of oxygen, yieid fwrj-accr pera vr 
wei^t, or two volumes, of carbonic anhrdrySs, szjd 
six parts by wei^t, or four volumes, of 






The two-volume formula mav be eidier iffSfrrnc^'; irrr^ cr 
some simple multiple of^ the enqnrical f lgT»-a , For »Tr^^~^/^, 
the empirical formula of turpentine 'p. 13 > 2$ C^^ zxn z. 
determination of its vapour dmsiij shows dsat ibc grrr;:/tr of 
parts by weight expressed by diis fonnula oohr K0^j:::syrf the 
same volume as one part by wei^t of hydrogeaa ; tZBCtfc^rt, 
in order that the formula may represent the ^riaaecXf of vzs- 
pentine which occupies two vobnnes, the tmpincal fiorar^ 
must be doubled, and thus it becomes Cj^^^ 

Similarly the empirical fonnula dsdsKed from the zxaHym 
of benzene is CH, but according to the vapr/cr dasjuaxy 
determination, C5H5 is the two-volnme formula of btnzei^t. 

It is not alwajTS possible to detennine direcdy ihe y^ >* 
lume which any particutu- wdg^ of a. given COnq^ClllIld ^iHk. 
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occupy in the gaseous state, since many substances either 
cannot be volatilised, or suffer decomposition when con* 
verted into vapour. In such cases a variety of physical and 
chemical considerations have to be taken into account in 
determining the formula, such as the specific heat, specific 
gravity, and more especially the mode of formation of the 
compound; its behaviour under the influence of reagents ; 
and its conversion into substitution derivatives. The 
acceptance of formulae thus deduced, therefore, necessarily 
involves the assumption, that, could the substances be vola- 
tilised unchanged, the number of parts represented by the 
respective formulae would occupy, in the gaseous condition, 
the same volume as two parts by weight of hydrogen at the 
same temperature and pressiu*e. 

Moreover, it is not always the formula deduced firom the 
ascertained vapour density of the substance which is ac- 
cepted as the true two-volume formula. 

The compounds phosphorus pentachloride, sulphuric 
acid, and isoamylic iodide, for example, are always repre- 
sented respectively by the formulae PCI5, H2SO4, and 
C5H11I, whereas according to experiment the amounts 
represented by each of these formulae occupy in the gaseous 
state a greater volume than two parts of hydrogen at the 
same temperature and under the same pressure. But exami- 
nation shows that when these bodies are converted into 
vapour, and heated above their boiling points, they are de- 
composed : thus PCls is converted into PCI3 + Clj ; 
H2SO4 into SOj + OH2 ; CaH,,! into C5H10 + HI. 

The term disassociatiotiy or dissociation^ has been aptly 
applied to this decomposition of bodies by heat Dissocia- 
tion usually commences at, or a few degrees above, the 
boiling point of the compound ; it is then only partial, 
however, but becomes more and more perfect as the tem- 
perature is raised, until finally the whole of the compound is 
decomposed. In the case of bodies, such as the above- 
zaentioned, which split up into two others on heating, the 
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vapour then occupies double the space which it would fill 
if the compound volatilised without undergoing decomposi- 
tioo.* 

It is not to be supposed that the vapour of a sub- 
stance undergoing dissociation is in a quiescent state, or 
that the phenomenon consists merely in the simple im>- 
gressive resolution of the compound into simpler bodies. 
There is little doubt that whilst portions of the compound 
are decomposed, a certain proportion of the products of 
decomposition recombine and reproduce the original com- 
pound ; so that at any particular temperature below that 
at which decomposition is complete, the vapour consists of 
a mixture of the original compound with its products of 
decomposition, and it is only when the temperature has 
lisen so high as entirely to overcome this tendency of the 
decomposition products to recombine — or, more stricdy 
speaking,-that the extent to which recomposition takes place 
is exacdy equalled by the extent to which decomposition 
is effected — ^that dissociation is complete. 



' The following table shows the rate at which, according to experi- 
Dcnt, phosphoms pentachloride is decomposed. Its boiling point is 
about 160^-165^ ; and the calculated density of its vapour referred to 

:^i •^- 5 ^35*5 \ ^ whilst the density of a 

mixture of equal volumes of phosphorus tetthloride and chlorine is half 
13 great, or 52-125. 



hfdrc^en as unity is 104*253/ ^ 



Temperature. 



Vapour Density. 




Percenta^ of 
Decomposition. 



417 




44*3 


1 


485 


■ 


674 




800 


'• 


87-5 


I 


962 


\ 


97*3 


* 
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It is evident that the decomposition products of a com- 
pound can only be present in the vapour in such propor- 
tions that the amount of the one is exactly sufficient to 
Teproduce the original compound if combined with the 
whole of the other ; neither being in excess, the attraction 
between them is a minimum one. By increasing the pro- 
portion of the one to the other, it may be expected, however, 
that the tendency to recombine will be increased, and, 
indeed, that if a sufficient excess of the one be present, the 
original compound will be reproduced as rapidly as it is 
decomposed ; so that practically the vapour would possess 
the same density as if the substance volatilised imchanged. 

Conditions such as are required by these considerations 
are obtained when a mixture of phosphorus penta- and 
ter-chlorides, for example, is converted into vapour, and 
it is found that the density of the pentachloride thus 
determined closely corresponds to that required by the 
formula PCI5. In this case, no doubt the chlorine momen- 
tarily set free by the decomposition of the pentachloride 
by heat, being in presence of a considerable excess of phos- 
-phorus terchloride, is able at once entirely to combine with 
it and to re-form the pentachloride. 

The extension of this method of observation to those 
other compounds which dissociate, will probably in most, 
if not in all cases lead to like results. 

This fact with regard to the behaviour of phosphorus 
pentachloride, added to the evidence afforded by its 
chemical behaviour, appears then thoroughly to justify the 
assumption that the observed vapour densities of such 
compounds as the above-quoted are abnormal, or, in other 
•words, that the formulae PCI5, H2SO4, CsHuI, &c., are 
really those which denote the relative weights of these 
substances which would form two volumes of vapour, could 
ihey b^ volatilised imchanged. 
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DETERMINATION OF VAPOUR DENSITY. 

From the foregoing it is evident that the detennination 
of the vapour densi^, or specific gravity of the vapour, of 
a compound is a most important operation. Two methods 
are in use — Dumas' and Gay Lussads. By the first the 
weight of a given volume of the vapour is determined ; by 
Ae second the volume which a given weight of the sub- 
stance occupies in the gaseous state is ascertained. 

Duma^ method. — The neck of a light glass flask, fi-om 50 to 
300 cubic centimetres in capacity, accoidii^ to the nature of 
the substance, and the amount at the disposal of the operator, 
is softened in the blow- pipe flame and drawn out to a fine pointi 
as represented in fig. 6. After the weight of the perfectly 
dean dry flask has been ascertained^the atmospheric tempe- 
rature, and the height of the barometer at the moment of weigh- 
ing are carefully noted — fi'om 5 to 10 grms. of the substance 
are introduced by warming the flask, and then plunging the 
point into the liquid,^ which is forced upwards as the vessel 
cools. The flask is then plunged, point upwards, into a bath 
of water, oil, or fusible metal, heated to the required tempera- 
ture. The liquid is rapidly converted into vapour, which, if 
sufficient substance be employed, expels the whole of the air 
from the flask ; so soon as vapour ceases to issue, and the tem- 
perature of the bath is constant, the fine point is hermetically 
sealed by the application of a blow-pipe flame, and simulta- 
neously tibe temperature of the hath and the height of the baro- 
meter are noted. After cooling, the flask is cleansed externally, 
and again weighed — the operator noting at the same time the 
temperature and the height of the barometer ; the point of the 
neck is then broken off" under mercury, or water recently 
boiled and allowed to cool out of contact with the air; the 
mercury, or water, rushes into the globe, owing to the vapour 
being condensed, and, if all the air have been expelled, com- 
pletdy fills the flask. By measuring or weighing afterwards 
tlie anunmt of mercury or water which thus enters, the capacitY 

» Solids aiv iatmduced before the neck of the flask is drawn ooL. 

C2 



jc .^ -S2:si& $ ssrssuBe^ X :Qe ^sk contahi air, it will not 
>e^ ;?:c::^> :£I^ :::k ^^atimBl^ ir xk air w&kji remains is then 

~~^k: :sk ^ssk cail 'c fr visk mercury or water, 



Jti^s:*^ ~is< -icMusc: -vaid ^cs: *""i^«^ \iK been ascertained, and 
j^l^&st «<!!^:riLQ£ >r iKfisusat TVs .rri'&iwM ^ bctireen the two 



cf air retained in the 

It :^ it 4J c:i;afe^ .ftd'^saaMS :cr i^esci^Ta^Qar to a teii^>erature 
^\^^s.^it;<^ia)k> 4a«f^-:t :Q!is ^Muio^ vmc «t dh^ sdbstuice, since the 
> c^K>>;x*$^ ^ 3>}:$c .MtBwitnsis ■&:: sicr ss acrfc ct gases at tem- 
>K>'.-tk*4i^cs >^»z»( it$:;3iiv;^ inox xter csnaeBessBg points. For 
cviiititM::. *csw?<^ *:^ ^ita: ^«iis ic ir^, kas at temperatures 
>fc<^3t£ ;v ^ >^i:a^>.^2tC4LnsQ«c^itissarr.saieaadaha]f tim 
^r^^jb: 4e$ 4s»: ^s^" 4a!ki 4^«cttri& js :s gr\MC iram the following 

t>s»iij<«5«v^ !r^ X?J* ij:^ rx;* 190* 250^ 300® 
\ V^u£ ,^l^i:$;^^ ^-x ,<r5^ 4^-$ 35-;^ 33*1 yroi yrou 

^\Nft ^viJtt^r^^Miiv^ V^*«t*i^. 4C$ ^ qt^t yi M ally ahoonnal in 

^^ 3j^ o^Q«£tlc^£ :tt :ds( 4&<«^ sisBKs; 60m wfaidi the 
^x^ )V >i^<^)^ 0* x^^ dii( £1^ ^Zted widi air at the 
v^^ TV ^x^^ \>r ^ vX di? ^ftsi: iiljed widi die vapoar of 

^;^^ IV oijvjK^ (v^ Oft ;iie ifcsk ^ cn^ cemmieties. 

i^^ s>^4<st ^^ *!\>cT»i;i d>^ ^«^e^x (m^i « die Tacooos flask, 
li^ >K<^)^^ <4 ^ ^tr^ >K^*^^ k coooaiik^ most be deducted 
nv>^)ix t^ >K<^)^t of d^ &^ iOed ^riidi w: 

Av^w I cc of 4dt M o^ JAd 7^ SHL i(«^^ x>oi293 grm. ; 

accoi>dmg ^/ is git^ter or less than 760 mm. 
IMiMmg the we%ht of due Tioim& tbi^ ^^ iraoi 
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the weight of the flask filled with vapour (w'), ^ weight 
of substance (s), which in the state of vapour- at' the tem- 
perature f^' and pressure/' occupies the volume v, is ascer- 
tained 

s = V — w° 

Since the density referred to hydrogen is required, the 
weight (h) of an equal volume (v) of hydrogen at the same 
temperature (/°') and pressure (/') must then be ascer- 
tained : now I C.C. of hydrogen at o° and 760 mm. weighs 
•0008936 grm. ; therefore : 

o ^ VX273 + /®'x/' o ^/: VX273-i-/**'X76o 

H=*ooo8o36 *^ ^ — :^or -0008936 *-^-^ — . * 

273x760 ^^ 273 x/ 

(I) (^) 

according as f is greater or less than 760 ; hence : 

D = i- 
H 

In accurate experiments a correction must be made for 
the expansion on heating, and consequent change of capa- 
city, of the flask ; also for the errors of the mercurial ther- 
mometer, and moreover, allowance must be made if the 
temperature and pressure at the second weighing are 
different from the temperature and pressure at the time 
of first weighing the flask filled with air. 

If the air be not wholly expelled from the flask by the 
vapour, the volume (;v) of this residual air at the temperature 
f" and pressure/' must be deducted from the capacity of the 
flask (v), and y-v substituted for v in the last of the above 
formulae, in calculating the weight of the volume of hydrogen 
which occupies the . same space as the vapour of the sub- 
stance, which, in such a case, of course has the volume v-r. 

It was usual formerly to refer the vapour density to air 
as unity. To convert the density referred to air into the 
density referred to hydrogen, divide by '0693, the specific 
gmvity of hydrogen referred to aii as \mty. 
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.DoiiSiE^method isnot only applicable to all compounds 
whose wSaD% points are within the range of the mercurial 
thennometor, but to volatile compounds generally, whatever 
t& IxHling point. In these cases the flask is heated in the 
vapour of a substance of known boiling point, such as 
mercury, (b.p. 350®), sulphur (b.p. 440°), cadmium (b.p. 
860**), or zinc, (b.p. 1040°). Glass flasks may be employed 
witii the two former, but in the other cases flasks of porce- 
lain must be used. With such vessels Deville and Troost 
have even made determinations at the high temperature of 
a wind furnace ; placing in the furnace, in order to deter- 
mine the temperature, a second flask containing iodine. 
After the experiment the amount of iodine remaining in the 
flask was estimated, and the rate of expansion of iodine 
vapour, and the capacity of the flask, and the rate of 
expansion of its substance, being known, it was easy to 
calculate from these data the temperature to which the 
flasks had been exposed. 

Gay Lussads method, — The weighed quantity of substance 
enclosed in a thin glass bulb is introduced into a short gradu- 
ated tube filled with mercury, which is supported in an iron cup 
containing mercury, and plunged into a cylindrical glass bath 
filled with heated water, oil, or paraffin (fig. 7) ; the glass bulb 
is soon burst by the expansion of the contained substance, 
and the tube becomes partly filled with vapour. When the 
temperature is sufficiently high and constant, the volume of 
the vapour and the temperature to which it is heated are 
noted, as well as the height of the column of mercury in the 
tube, the height of the column of water, or oil, pressing on the 
base of the column of mercury, and the atmospheric pressure as 
registered by the barometer. From these data the vapour 
density may be readily calculated. 

Gay Lussac's method is only available for substances whose 
boiling points are considerably below that of mercury. It has 
the advantage over Dumas', however, of requiring but a small 
quantity of substance. 

A most va^imble wodification of this method \vas \a\.tVj 
been devised by Professor Hofmann^ who employs (ftg. V) ^ 
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graduated glass tube closed at one end, about i,ooo mm. in 
length and 15-20 mm. in width, which is filled with mercury, 
and the open end inverted in a vessel containing mercury. 
It is surrounded by a cylindrical glass jacket, through 
which, according to the temperature at which the deter- 
mination is to be made, a current of the vapour of boiling 
alcohol, water, aniline, or some other substance of constant 
boiling point, is urged, whereby the substance previously in- 
troduced into the tube in a minute stoppered glass bottle 
is converted into vapour. The volume which the vapour 
occupies, the temperature to which it is heated, the height 
jof the merouy column in the tube, and the atmospheric 
pressure* are noted ; the weight of a quantity of hydrogen 
which at the same temperature and under the same pressure 
would occupy the same volume as the vapour of the amount 
of substance taken is then calculated, and by dividing this 
weight of hydrogen into the weight of substance taken, the 
vapour density of the substance in question is ascertained. 
The boiling points of all substances are considerably 
lowered by a reduction of pressure, and not only so, but the 
tendency to decompose which many exhibit at temperatures 
jclose to the boiling point, under ordinary pressures, is 
greatly lessened. Now it is evident that when the tube is 
inverted as above described, there will be a considerable 
empty space at the top ; into this the substance volatilises, 
and is converted into vapour under reduced pressure, and 
therefore at a temperature much lower than its boiling point 
under ordinary conditions ; for example, the vapour density 
of aniline, which boils at 182*^ under a pressure of 760 mm. 
of mercury, may be in this way determined by heating the 
tube by the vapour of boiling water (too°) ; hence the 
great value of this method and its superiority over Gay 
X^ussac's. 

' The mercury column ii^ jthe tube balances a certain proportion of 
the atmospheric pressure, hei^ce tljie pressure on the vapour is ec^ual to 
(he di/fermce between th§§§ two mcasvwwvwi\s» 
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RATIONAL FORMULAE. 

'^j common consent, the arrangement of the elementary 
symbols composing the two-volume formulae of chemical 
oompounds in certain ways is understood to imply certain 
fccts with regard to the nature and properties of the 
compounds represented, and more especially with regard to 
the modes in which they are formed, and in which they 
undergo decomposition. Formulae which fulfil these con- 
ditions are termed rational formulae ; they constitute, in fact, 
the chemist's shorthand, and it behoves the student therefore 
early to become acquainted with the meaning attached to 
the various arrangements of symbols in common use. 

The following instances will serve to render the functions 
of rational formulae more intelligible, and also to show that 
several rational formulae may be employed to represent one 
and the same compound, according to the amount of infor- 
mation it is desired to convey. 

1. Thus we write acetic acid, whose two-volume formula 

IS C2H4O29 

XI. 02x1*30 2, 

and mean to express thereby that it is a monobasic acid, 
or one in which one unit weight of hydrogen is replaceable 
by Ae equivalent quantity of a metal, such as sodium, silver, 
&c., to form such salts as sodic acetate, NaC2H302, or ar- 
gentic acetate, AgC2H302. This convention of placing one 
or more units of hydrogen apart on the left of the formula 
is generally applied to the acids, it being agreed to denote 
the basicity of an acid, i.e. the number of units of hydrogen 
replaceable by metals which it contains, by the number of 
units of hydrogen written to the left of the point. 

2. A second more developed rational formula for acetic 
add is 

QH3O.OH 

which has reference to such reactions as that wVvvc\i oco3S^ 
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between this acid and phosphorus pentachloride, repre- 
sented by the following equation : 

CjHjO.OH + pa, = CjHjO.a + hci +POCI3 

and one of the meanings to be attached to any formula in 
which the (OH) or hydrox}i-group, as it is termed, figures is 
thai when the body represented is acted upon by PCI5 it 
will exchange (OH) for CL 

3. By certain means one proportion of hydrogen in marsh 

gas (methane), CH4, may be replaced by iodine, forming 

iodomethane, CH3I, which, by the action of potassic cyanide, 

is converted into cyanomethane, CH3(CN) ; if this body 

be heated with water in presence either of acids or alkalies, 

it is resolved into acetic acid and ammonia. Conformably 

to this mode of formation of acetic acid, its formula may be 

written 

CH3.CO2H 

and the reaction is expressed by the equation : 

CH3.CN + 20Hj = CH3.CO2H + NH3. 

4, Lastiy, by reason of the reaction with phosphorus 
pentachloride, the group CO2H is resolved into CO (OH), 
so that the formula becomes 

CH3.C0(0H) 

and it is found that all the various reactions in which 
acetic acid takes part are capable of representation by this 
formula. 

Then we write sodic acetate : 

CH3.C0(0Na), or CHj.COaNa, but not CH2Na.C0(0H), 

because it is found that when acted upon: by PCI5 (ONa) 
is removed and replaced by chlorine, just as (OH) is in 
acetic acid : 

CH^.CO(OH) + PCU = CH3.COCI + POCI3 + HCI, 
CH^CO{OSa) + PClfc^a^t^COCX -V ^OQX^ 4^ NaCL 
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And since the other salts of acetic add exhibit a precisely 
similar behaviour, they are represented generally by such 
formulae as CHj.COjM' and (CH3.C02)2M", &c, in which 
M' and M'' denote monad and dyad metals respectively. 

Again, monochloracetic acid, the first product of the 
action of chlorine on acetic acid, is written : 

CHaCLCO(OH), and not CH8.C0(0C1) 

because we find that it exchanges (OH) for CI when acted 
upon by PCI5 ; thus : 

CH,CLCO(OH) + PCI5 = CH2CLCOCI + POCI3+HCL 

In short, the employment of such a group of symbols as 
(CO.OH) as part of a formula denotes that the compound 
represented will, when treated by certain reagents, be 
affected in certain ways : that it will form metallic salts ; 
that it will exchange OH for CI when acted upon by PCI5 ; 
that it may be obtained probably from a body bearing to it 
the same relation that acetic acid, CH3.CO2H, bears to 
methane, CH4, by replacing hydrogen in that body by 
iodine, this in turn by cyanogen, (CN), and heating the 
product with water, &c. 

Rational formulae, such as the above, are frequently termed 
constitutional formulae, and by some structural formulae. ^ 
The use of these terms seems to imply, however, that such 
formulae express the constitution, or structure, of the bodies 
to which they refer ; but we must guard ourselves most 
carefully against this impression, since, hypothesis aside, 
we possess no real knowledge as to the internal constitution 
of chemical compounds, or of the mode of arrangement of 
the atoms of which bodies are presumed to be made up, and 
although rational formulae may represent the proximate con- 
stitution of chemical compounds, yet in the present state of 
our knowledge it is advisable to regard them simply as con- 
densed symbolic expressions of the chemical nature and 
mode of formation of the compounds represented \ \)cvt^ 
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enable us, so to speak, to decipher at a glance the chemical 
history of compounds. 

Graphic formula are a still more developed form of 
rational formulae. For example, the graphic formula for 
acetic acid is 

H O 



H— C— C— O— H 

I 
H 

Here the fact that tetrad carbon is capable of uniting with 
four unit weights of monad hydrogen (as in marsh gas, CH4), 
or with two unit weights of dyad oxygen (as in carbonic 
anhydride, CO2), is represented by the four lines proceeding 
from the elementary symbol C ; similarly dyad oxygen is 
represented by the elementary symbol O, with two lines ; 
monad hydrogen by H, with one line. This formula, there- 
fore, to a certain extent necessarily assumes that in acetic 
acid one atom of tetrad carbon is directly united with 
three atoms of monad hydrogen, and also to a second 
atom of carbon, with which one atom of dyad oxygen is 
wholly, the second atom partially united, the latter being in 
union with an atom of hydrogen. 



POLYMERISM, METAMERISM, ISOMERISM. 

I- Bodies of the same percentage composition, but of dif- 
ferent vapour densities, are termed po/jimeric. Thus aldehyde^ 
C2H4O, is polymeric with paraldehyde, CeHjjOa — forty- 
four parts of aldehyde, vapour and 132 (44x3) parts of 
paraldehyde vapour each occupy the same volume as two 
parts of hydrogen under like conditions of temperature 
and pressure. The unit weights of polymeric compounds 
are always different simple multiples of the same empirical 
formula^ the unit weight of a compound being the sum 
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of tlie unit wd^ts of its coiisthiieii& each mirxilkc 

by die suffix idiif^ indicates the mm^Kr of 

present in two TC^omes c^ vaqxior. Tfaos the 

of acetic add, C3H402» is sxtr <i2x24>i X4.^i6 « r. 

and it is alirays in that proponioiu or soiae s=n:ue ^rri^rrzljt 

diereof^ that acetic acid enters into leactioa vir: crnrr 

snnres, 

2. Bodies of the same percentage composroc: 2=^1 
Tapoor density, which exhibit diaoences. s:x<?e or 
mariied, in physical properties, bet vhkb behire =3 re 
an cases dissimilaily when acted upon by d> 
axe said to be metameric The three oocizccDds. 2ZvI5c 
akc^iol, propionic aldehyde, asd acetone, each reci 
by die undeveloped rational fonncia C^HfO. zre 



idated : die first is entirely decomposed on Gs5d2zSo& : rie 
seoHid yiekls propionic add, C^HfOt- vberi sinr,?ry 
treated ; -vdiilst the third is resohred into fonnic £zd aceac 
adds. 

The devdoped rational form'.:be which we zre kd to 
ass^ to these compounds are also, as a cocipsrlson will 
show, Tery different ; thus : 

C,H5.0H C5H4.COH COCH, , 

5. Two or more bodies of the same percentage connr^osi- 
ticm and same vapour density, which difier to a greater or -ess 
extent in physical properties (boiling point, specsc gra«ty, 
&C.), and which either exhibit a amilar behavioor under the 
influence of certain reagents, or. by their immediate formation 
from, oz conversion into, the same comp<Kind, are shown to 
be members of the same series of compounds, are termed 
isomeric The products obtained from isomeric bodies by 
various reactions are themsdves frequently isomeric : thus 
the four isomeric butjrfic alcohols, C4H9(OH;, peld four 
isomeric bntylic chlorides, bromides, or iodides when 
acted upon by bydroddonCj hydrobromic, or Vydnodic 
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:ne ntftwfg*^ at tnuK poiK aoBd qiecmc gravit) 
vfuca dsx^sf oesntDBes esmmk aoHng diemselves are ii 
cm: smte ^(soae js tbosemii:^ cost amoi^ the isomeric 
jie.7QUAS . mus die bmartii: ^iicsfusl of Id^iest boiling poini 
vxieds ^ vioiomk;. Swnmni^^ <2r iomie of id^ber boiling poini 
:3Kur ;:ici2«3r ^ :be «:'*Mn««i^^tMfmg < kiIiAUie s frcHn the iso- 

IsooKcc ct2iD9«iitiiix& 3aweveL do not shrays give rise 
:q $tnitiar r!c»L:s»ni$ ;imkr doe rmfrreTyy of all reagents: 
:iiu:s^ tbx; isomisar stcoocis .locve cxoed bdiave very dif- 
:t;rxt!Xiiy en Qjuisicait: ssr ■"^^CTtptV one b ocmverted intc 
biicyrsc .icitt,. QH^*: x seccmi tnio isobutyric acid, 
C^K^jO* : i aird ma ^m^rmHTyrkfTonfe, C^HgO ; the 
:ctttt3: ittCQ i imaairg v?t act*cc sogd formic adds. Even in 
iicse i^racccns int wmca dxey are anxHiazlT aCEected, isomeric 
ccmpottmis^ exhibit viufeKnces mere or kss marked, more 
especially in tbe tdacre <kgrees of ease witfi which they 
e2:rter uxco reacttoQ : ;&^ cizje is imcmablT acted upon more 
readily ^ssm tboe i>diBer. 

On me hypodsee^ tbtat dremical compoands are com- 
posed i>f soaaiot indivtstble particksy or atoms, it may be 
assomed duit two or more bodies aietsQmextc or metameric, 
because certain of ^ atoms in the one occopy relatively 
different positions to dxose tii^ occtqnr in the other, and 
this is die explanatk>a asoallT gnren of isomarism and 
metamerism. Thus tbe two metameric compounds nitro- 
etkaney and ttkyQc n^rsity represented by reascm <^ theii 
chemical behaTioar by the fi^mulae 

Nitroethane, C,Hj(NO,) ; E&yKc nitrite, (CH^OlON 

may be supposed to differ owing to the drounstance that 
in the one die mtrogoi is in direct union widi the carbon, 
whereas in the other the carbon and nitrogen are held to- 
gether, as it were, by oxygen, as eiqiressed by the following 
^fraphic formuhe : 
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H H O H H 

III II 

H— C— C— N H— C— C— O— N=0 

I I 11 II 

H H O H H 

Nitroediaiie Ethylic nitrite 

The extreme readiness with which the nitrogen may be 
separated from the latter compound, and the difficulty of 
lemoving it from the former, is generally regarded as 
strong evidence in ^voiu: of this assmnption as to the 
probable cause of the difference which exists between the 
two bodies. 

Although such an apparently satisfactory explanation of 
the phenomena in question may thus be given, yet there 
are a considerable number of facts which tend to show that 
diis explanation must be regarded with more or less mistrust. 

The phenomenon of isomerism — ^and of metamerism — 
is unquestionably intimately connected with the amount of 
heat evolved in the reactions giving rise to the forma- 
tion of isomerides. Whatever the ultimate constitution of 
chemical compounds may be, it is a fact that their forma- 
tion is invariably accompanied by the evolution (in a limited 
number of cases by the absorption) of heat, which to our 
senses is evidence that there has been a transformation of 
energy, until then potential, into actual energy. More- 
over, there is little doubt that in the formation of isomeric 
bodies from the same parent compound different amounts 
of heat are evolved; if so, the energies of the resulting 
compounds are assuredly different 

The production of isomerides by different series of reac- 
tions is, then, probably to be accounted for by the cir- 
cumstance that different amounts of heat are evolved 
in the several series of reactions, so that finally bodies 
possessing different energies are formed. This supposition, 
that isomeric (and metameric*) compoimds are bodies 

' The diiference between isomeric and metametic com^ovixv^s Na 
jmbablr one of degree onljr, and not of kind, as usually assumed. 
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32 Organic Chemistry. 

which, having the same composition, yet possess diflfer- 
ent energies, would also serve to explain their diflferent 
behaviour under the influence of reagents. There is reason 
to believe that, of two isomerides, that of higher energy 
would in most cases enter into reaction more readily 
than that of lower energy, just as chlorine, an element of 
high energy — which in combining with hydrogen liberates 
a far greater amount of heat than do either bromine or 
iodine — is a far more energetic reagent than either of these. 
Hitherto but little attention has been paid to this field 
of enquiry, which the study of the thermic phenomena 
accompanying chemical reactions aflfords. In it, however, 
undoubtedly lies hidden the explanation of many at pre- 
sent obscure problems in chemical science. 



CHAPTER 11. 

CLASSIFICATION OF CARBON COMPOUNDS. 

The unit weight (twelve parts) of carbon is capable of uniting 
with at most four unit weights of hydrogen or other monad 
elements. The simplest known hydride of carbon has the 
composition CH4, and is incapable of combining with chlo- 
rine, bromine, &c., being what is termed a saturated com- 
pound, but may exchange the whole or part of its hydrogen 
for an equivalent quantity of another element Carbonic 
anhydride, C""0"^ hydrocyanic add, H'C""N'", and cyano- 
gen chloride, C1'C""N'", are compounds which may be thus 
regarded as substitutionAtnvBAvt^ of the first hydride of 
carbon. 

In the following, certain of these simpler compoimds, which 
may thus be regarded as derived firom the first hydride of 
carbon, will be shortly described before proceeding to the 
considemtion of the hydrides themselves. 
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obtained from the members of that series by withdrawing 
from them one or more pairs of imit weights of hydrogen: 
This withdrawal of hydrogen may be effected in a large 
number of cases by the simple action of heat, the tendency 
thus to part with hydrogen becoming greater th6 higher up 
we go in the series. 

Hydrocarbons differing from those of the CnHgn + 1 series 
by an uneven number of unit weights of hydrogen are not 
known ; in all cases where their production might be ex- 
pected> compounds are obtained which may be regarded as 
formed by the union of two such hydrocarbons. For 
example, if iodomethane, CH3I, be treated with metallic 
sodium, iodine is withdrawn from it; we do not obtain 
methyl, CHg, however, but the hydrocarbon, CaHg (ethane), 
thus: 

2CH3I + Naa a* 2NaI + CaHg. 

« 

Similarly a mixture of the two iodides, CH3I and C3H5I, 
yields the hydrocarbon butylene, C4Hg. 

The general terms of the series of hydrocarbons of which 
up to the present time members have been obtained and 
investigated are as follows ; — 

Cii"2n CaH2n->i6 

^ii"-2n — 2 ^iiHjn __ i g 

CnH2n _ 4 CnH2n _ 22 

CnH2n _ 6 CnH2n _ 24 

CnH2n - 8 ^n'^2n - 26 

CnH2n— 10 CnH2n 32 
CnH2n- 12 

Each of these groups differs from the group next below, 
in that it contains two units of hydrogen more. Series thus 
related are termed isologous series. The^ members of each 
group form a honiolog(ms series, the successive terms of 
whidi differ by GHa (see p. 70). 
The various families pf organic compovtads coTisvd«^d\\!L 
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their relations to the above-mentioned hydrocarbons may 
conveniently be arranged in the following classes : — 

I. Hydrocarbons and their haloid Derivatives, — One or 
more unit weights of chlorine, bromine, or iodine may be 
substituted either directly or indirectly for the equivalent 
quantity of hydrogen in the various hydrocarbons. For 
example, methancy CH4, and ethane^ CsHq, yield the fol- 
lowing series of chlorinated derivatives : — 

CH4 ; CH3CI ; CHaCia ; CHCla ; CCI4. 

Methane. Mooochloro* Dichloro- Trichloro- Tetrachloro- 

methanc methane. methane. methane. 

C,He ; CjHsCl ; CjH.Cl, ; CjHaCl, j CjHjCU ; CHQs ; 

Similarly we have : 

CaHgBr ; C2H4Br, ; CaHjErj ; &c. 

C2H5I 3 C2rl4l2- 

All such hydrocarbon derivatives are termed haloid deri- 
vatives. Closely allied to them are several series of com- 
pounds which are conveniently regarded as derived from the 
hydrocarbons by the replacement of hydrogen by the mo- 
nad groups (CN)'; (SCN/j (NO2)'; or(NH2y; e.g. : 

CH3(CN); C,H5(SCN); CeH5(N02); CeHsCNH.,). 

Cyanomethane. Sulphocyanoethane. Nitrobenzene. Amidobenzene. 
(Mf^yUc cyanide.) (EthyUc sulpho- 

cyanate.) 

All of these are formed from the haloid derivatives of the 
hydrocarbons by double decomposition ; for example, cya- 
nomethane is obtained by the action of potassic cyanide on 
iodomethane : 

CH,I + KCN == CH3CN + KL 

II. Alcohols, — ^The alcohols may be regarded as the 
hydroxyl (OHX substitutioD derivatives of the hydiocaxi 

D 2 
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bons, and are in all respects the organic analogues of the 
metallic hydrates ; thus we have : 

C^HsCOH) ; C2H4(OH)2 ; CaH^lOH), ; 

Ethylic hydrate. Ethylenic hydrate. Glycerine* 

analogues of: 

Na(OH); Ca(0H)2; Bi(0H)3, 

The modes of formation of the alcohols from the corre- 
sponding haloid derivatives of the hydrocarbons are, as will 
be seen later on, strictly analogous to the methods by which 
the metallic hydrates are obtained from the metallic 
chlorides, &c 

' Closely related to the alcohols, and corresponding to the 
metallic sulphydrates, are a class of bodies termed ihio- 
alcohols, or mercaptans \ e.g. : 

C^HsCSH) ; C2H4(SH)2 ; ' C3H5(SH)3. 

Ethylic sulphydrate. Ethylenic sulphydrate. Glycerylic sulphydrate. 

corresponding to : 

Na(SH); Ca(SH)2, &c. 

III. Ethers. — The ethers are the anhydrides of the alcohols, 
to which they bear the same relation as the metallic oxides to 
the corresponding hydrates ; e.g. : 

(CoH5)20; . C2H4O; (C3H5)203. 

Ethylic oxide. Ethylenic oxide. Glycerylic oxide. 

NagO ; CaO ; ^\Jd^, 

' The ethers are more or less readily converted into 
alcohols by heating with water or alkalies, just as, under 
similar conditions, the metallic oxides are converted into 
hydrates : 

^C2H5)20 + OH2 = sCaH^COH). 
NajO + OH2 = jNaOH. 

Analogues of the metallic sulphides are also included in. 
this class; for example : 



AldeKydes-^Ketanes^ 57 

(C2H5)2S ; C2H4S ; 
analogous to 

NaaS j CaS. 

And also polysulphides such as 

(€3115)282 and (C2H5)2S3 
corresponding to 

Na2S2 and Na2S3» 

IV. Aldehydes, — ^I'he aldehydes are a class of bodies in- 
termediate between the alcohols and the acids. They may 
be conveniently formulated as hydrocarbon derivatives in 
which the group (CTO"H)' replaces hydrogen ; thus we 
have : 

CHjCCOH) from CH4 \ C6H5(COH) from CeHg ; 
CioH7(COH) from CioHg ; &c 

The aldehydes are formed by the oxidation of the corre- 
sponding alcohols, thus : 

CH3.CH2.OH + O = CH3.COH + OH2 ; 

Ethylic alcohol Aldehyde. 

and on further oxidation are converted into acids containing 
the same number of imit weights of carbon : 

CH3.COH +0 = CH3.CO.OH. 

Aldehyde. Acetic add* 

On the other hand die. aldehydes are readily transformed 
into alcohols by the action of nascent hydrogen ; 

CH3.COH + Ha = CH3.CH2.OH. 

V. Ketones, — These compounds are closely related to the 
aldehydes, and may be regarded as derived from them by 
the replacement of hydrogen in the (COH) group by monad 
hydrocarbon groups ; thus we have : 

CH3.CO.CH3 derived from CH3.COH. 

Dimethylketone. Aldehyde. 

Cg^s'^^-^^j 99 yf CfiHs.COrl* 

Metbylpbenylketope, Bcnzaldcbyde* 
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The ketones do not yield acids containing the same 
number of unit weights of carbon on oxidation ; hence they 
are readily distinguished irorti the aldehydes. 

VI. Adds, — ^The acids are formed from the hydrocarbons 
by a series of operations^ the final result of which may be 
said to be the substitution of hydrogen in the latter by the 
monad carboxyl * group (CO2H = CO.OH) ; thus we have 
succinic acid, C2H4(C02H)2, formed from ethane, C2H6, 
by the following series of reactions : 

C2H4Br2 + 2KCN = C2H4(CN)2 + 2KBr. 
C2H4(CN)2+40H2 + 2HCI = C2H4(C02H)2 + 2NH4CI. 

The acids fiimish a numerous series of characteristic 
derivatives, namely : metallic saltSy haloid salts^ ethereal salts, 
acid chlorides {bromides^ iodides^ &'c,\ amides, and hcUoid 
derivatives and allied compounds. 

The metallic salts are the characteristic products of the 
action of metallic oxides, hydrates, ^and carbonates on the 
acids ; e.g. : ; . 

2CH3.CO.OH + K2CO3 = 2CH3.CO.OK + CO2 + OH2. 

Acetic acid. Potassic acetate. 

The haloid salts may be regarded as derived from the 
metallic salts by the replacement of the metal by chlorine, 
bromine, &c j thus the following haloid salts of acetic acid 
are known : 

'CH3.CO2CIJ CH3.C02Br; (CH3.C02)3r". 

These compounds are all extremely unstable, and are 
never obtained by the direct action of the halogens on the 
acids (infra)* 

EtherecU scUts, or compound ethers, are formed when the 
acids are acted, upon by the analogues of the metallic 
hydrates, the alcohols ; -thus : . 

CH3.C0(0H) + CiiHs-OH ^ CHa.COCOCaHs) + OH2. 

Acetic add. Ethylic hydrate. Ethylic acetate. 

(Acetic ether.) 

• ^From earbonyl (CO), hydroxy! V^H^- 
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The aad chSoiutes (bromides, iodides) are the products 
of the action of the haloid phosphorus compounds on the 
adds, or their metallic salts : 

3CH3.CO.OH + PCI3 = 3CH3.COCI + PO3H3. 

The amides are formed by the action of ammonia on the 
acid chlorides, or on the ethereal salts, or by distillation 
of the ammonium salts of the acids : 

CH3.COCI + 2NH3 = CH3.CO.NH2 + NH4CI. 
CH3.CO.OC2H5 + NH3 = CH3.CO.NH2 + C2H5OH. 
CH3.CO.ONH4 = CH3.CO.NHa + OH2. 

The haloid derivatives^ which are mostly compounds of 
considerable stability, are formed by the direct action of 
chlorine, or bromine on the acids ; thus : , 

CH3.C62H + CI2 = CH2CI.CO2H + HCl. 
CH3.CO2H + 2CI2 « CHCI2.CO2H -h 2HCL 
CH3.CO2H + 3CI2 = CCI3.CO2H -h 3HCI. 

From many of the haloid derivatives a series of closely 
dlied compounds may be obtained by double decomposi- 
dons, such as : 

CHal.COaHj CH2(CN).C02H ; CH2(OH).C02H ; 

lodaceuc acid. Cyanacetic add. Oxyacetic acid. 

CH2(NH2).C02H ; CH2(SH).C02H j &c 

Amido-acetic acid. Sulphacetic acid. 

VII. Anhydrides, — ^These compounds bear the same re- 
lation to the acids that the ethers bear to the alcohols : 

CH3.CO.OH ; CH3.CO J o c,Ha.OH ; g«g» } O. 

Acetic add.' Acetic anhydride. Alcohol. Ether. 

They are reconverted into acids by the action of water. 
YIIL ^/^//ws. — The amines are a clas^ of bodVes 'wYCvwCv 
are generaUy regarded as derived from ammoma \iV ^^'^ 
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substitiiticm of hydrocarbon groups for hydrogen } the fol- 
lowing are examples of such compounds ; — 



Tertiary. 
Tricthylamine. 



. 


(Monamines.) 


Primary. 


Secondary. 




f CeHs f C2H5 


IH 


iH U 


Kthylamine. 

• 


Phenylamine. Diediyiamine. 
(Amidobenzene.) 




(Diamines,) 




N«{Hf' = C6H«(NH,),. 


Etbylenediaminc 


Phenylenediamine. 
(Diajnidoboaxene.) 




{Triatnines.) 


M / C2H3 . 


N» { &f ' = C«H,(NH^,. 


Vinyltriamine. 


Triamidobenzene. 



It is evident, however, that the primary amines may 
equally well be regarded as derived from the hydrocarbons 
by the substitution of ^(NHg) for «H. 

These organic ammonias closely resemble ammonia in 
their properties : they combine directly with adds, forming 
substituted ammonium salts : 

CaHj.NHj + HCl =« C2H5.NH3CI 

Ethylamine. Ethylamincmic chloride. 

C2H4.N2H4 + 2HI = C2H4.N2H6I2 ; &C, 

By treating these salts with moist argentic oxide the cor- 
responding hydrates are obtained : 

2C2H5.NH3Cl + Ag20+OH2= 2C2H5.NH3.OH + 2AgCl. 

Ethylammcnic chloride. Etbylammonic hydrate. 

These hydrates are highly caustic bodies, and indeed 
exhibit throughout the behaviour of their inorganic ana- 
logues, the caustic alkalies, precipitating metals from their 
solution as hydrates^ &c* 



Action of the Hahgens on Carbon Compounds. 41 







A 



The analogues of zmmomaL^phosphine, PH3; stibir^y SbHs; 
and arsifu, AsHg, also yield derivatives corresponding to 
the primary, secondaiy, and tertiary monamines ; e.g. : 

C2H5 

C2H5J 
H 

Ethylphoq^iine. Diethylphosphine. tTriethylphosphinc 

IX. Organo-thdallic Compounds, — ^These may be re- 
garded as compounds of the metals with monad hydro- 
carbon groups ; thus the following bodies are known among 
others : 

Zn(CH,), } H,(CH,), ; H/C,H.), ; Bi(C,H.), ; 

Zindc methide. Mercuric Mercuric Bismuthic 

methide. ethide. ethide. 

Pb(C,H,)4; Sn(C,H8),; Snj(C,H5)s; Sn(CaH5)4. 

Plnmbic tetrethide. Stannous ethide. Distannic hexethide. Stannic ethide. 

A large number of carbon compounds are known, how- 
ever, which cannot at present be included in either of the 
above series, as we are entirely unacquainted with their 
genetic relations to the hydrocarbons. 



CHAPTER III. 

GENERAL ACTIGN Ot* REAGENTS ON CARBOlJ COMPOUNDS. 

This chapter contains an outline description of the action 
of the more important reagents which the chemist employs 
in the study and elucidation of the chemical nature of 
carbon compounds. 

Action of Chlorine^ Bromine^ and Iodine, — ^There is merely 
a difference of degree between the action exerted by 
dilorine and by bromine, chlorine being the more energetic 
reagent — because^ we usuaUj say, oi its superior affvm\.>f ioi 
)iydn^€!JL, The behaviour of iodine is in many cases 'peca- 
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liar. The following modes of actiofa of chlorine and bro- 
mine are to be distinguished. 

1. Hydrogen is removed in the form of haloid acid and 
replaced by the halogen. In this way, i, 2, 3 or « units 
of hydrogen may be removed and replaced by i, 2, 3 or 
// units of halogen, with formation of i, 2, 3 ox n weights 
of haloid acid ; consequently to effect the replacement of 
n units of hydrogen, 2« units of chlorine or bromine are 
requisite. The number of units of hydrogen replaced 
depends mainly on the nature of the body operated upon,, 
and on the temperature, but often other conditions also 
intervene. The fpllowing examples will serve to illustrate 
the mode of action : 

CH4 + Cl2=CH3Cl+HCl; CH4 + 2Cl2=CH2Cl2+2HCl ; 

Methane. Chloromethane. Methane. Dichioromethane. 

CH4 + 3CI2 = CHCI3 + 3HCI ; CH4 + 4CI2 = CCI4 + 4HCI. 

Methane. Trichloromethane. Methane. Tetrachloromethane. 

2. Hydrogen is simply removed in the form of haloid; 
acid, without replacement by the equivalent quantity of 
chlorine or bromine ; thus : 

CaHfiO + CI2 = C2H4O + 2HCI. 

Alcohol. Aldehyde. 

3. Certain * unsaturated ' compounds unite directly with 
chlorine or bromine ; for example 2 

C2H4 -f- Brj = C2H4Br2. Ci;Hg+3Cl2 = CgHgClg. 

Ethylene. Ethylene Benzene. Benzene 

dibromide. hexachloride. 

4. Under ordinary conditions, chlorine and bromine 
only decompose water very slowly, setting free oxygen' 
(OH2 + CI2 = O + 2HCI), but in the presence of a third 
body possessing a tendency to combine with oxygen this- 
decomposition occurs far more readily ; hence in many cases 
chlorine and bromine in presence of water act as powerful 
oxidising agents ; * e.g. : 

* A class of reactions analogous to this is often met with in' the 
^^^udv of the so-called inoi^eranic compo^inds. TVix^ cMLofcma As -mtkou^t 
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CtHsO + OHj + CI, = CyHgO, + aHCl, 

Benzoic aldehyde. Benzoic acid. 

A point of great interest with regard to the action of 
chlorine, especially on organic bodies, is the influence of 
light on the course of the reaction. We know that chlorine 
and hydrogen do not combine in the dark, and only slowly 
in difi^sed light, but that they unite immediately under the- 
influence of a bright light Similarly chlorine is entirely 
without action on benzene in the dark, or even in diffused 
light, whilst direct imion occurs readily when a mixtiure of 
these bodies is exposed to bright sunlight (CeHg + 3CI2 
= CgHgCle)- More remarkable still, if monochloropropylene; 
C3H5CI, be acted upon by chlorine in the dark, it is con- 
verted into the substitution derivative dichloropropylene 
(C3H5CI + CI2 = C3H4CI2 + HCl), but in bright sunlight 
under otherwise similar conditions the additive * compound, 
C3H5CI3, is formed (C3H5CI + Cl^ = C3H5CI3). 

Bromine exhibits, though in a less marked degree, a 
similar behaviour: combining directly with benzene, to 
fonn the additive compound, CgHeBre, in bright sunlight, 
but yielding substitution derivatives, such as CeHgBr, 
C6H4Br2, &c, when the action is carried on in diflfused 
light ' 

A further point of interest is the simultaneous formation of 
isomeric products by the action of chlorine. Thus, on treating 

action on silicic sinhydride at a red heat, but in presence of .carbon it 
readily converts it into silicic tetrachloride : 

iSipa + 2C + 2Cla = SiCU + 2CO. 

In this case the tendency of the carbon to unite with the oxygen, added 
to the tendency of the chlorine to unite with the silicium, is sufficient to 
overcome the tendency of the silicium to remain combined with the 
tMcygen, which the chlorine alone is not able to overcome 

* Compound^ fomied by the replacement of one element by the 
equivalent quantity of another element are termed 'substitution* deriva- 
tives, and com|x>unds formed by the direct union of two "bodies 2lX^ olXeo. 
\mned 'additive \ pompounds^ 

.^.-»i ' . ' <• 
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/3-chloropropane {isopropylicchlaride)^ C3H7CI, with chlorine, 
a mixture of two bodies, each of the composition C3H6CI2, 
is obtained ; one of these boils at 70% the other at 96% 
and they differ also in many other respects. Several simi- 
lar cases might be quoted. 

Iodine combines directly with certain unsaturated com-^ 
pounds, ethylene for example (C2H4 + 12 = C2H4I2), and 
sometimes also in presence of water acts as an oxidising 
agent, but both classes of reaction are effected far less 
readily than by bromine or chlorine. lodo-substitution 
derivatives are never formed by the direct action of iodine 
on hydrogenised compounds, unless the hydriodic acid pro- 
duced be immediately withdrawn from the sphere of action^ 
To effect this, mercuric oxide, or iodic acid, is simulta- 
neously added, which reacts with the haloid acid to form, 
in the one case, mercuric iodide and water (HgO + 2HI 
= Hgl2 + OH2), in the other free iodine and water 
(HIO3 + 5HI = 3I2 + 3OH2). To prepare iodophenol, 
for example, from phenol, we add iodine, and the requisite 
quantity of mercuric oxide to an alcoholic solution of 
phenol : iodophenol and hydriodic acid are formed 
(CeHfiO + I2 = CgHsIO + HI), but the latter immediately 
enters into reaction with the merciuic oxide and is con- 
verted into insoluble mercuric iodide. 

lodo-substitution derivatives are often obtained from the 
corresponding chlorinated or brominated compounds, by 
double decomposition with potassic iodide j e.g. : 

CaHaBrOa + KI = C2H3IO2 + KBr. 

Bromacetic add. lodacetic acid. 

Action of Hydrochloric^ HydrobromiCy and Hydriodic Acids, 
A variety of modes of action are to be distinguished. 

I. These acids unite readily and at once in the cold with 
basic compounds such as the so-called ^compound am- 
monias,' the alkaloids, &c, forming salts ; e.g. : 

C^n^^ + HCl = C^Hft't^a. 

JEthylamlne. EthylammoiAC cVwVoA^e. 
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2. They combine with many * unsaturated' compounds; 
thus ethylene and hydriodic acid form monoiodoethane, 
HI + C JH4 = C2H5I ; fumaric acid and hydrobromic acid 
forai bromosucdnic acid, C4H4O4 + HBr = C^H^^xO^. 
In such cases it is usually necessary to heat the mixture 
during a shorter or longer period, and if the combination 
occur in the cold, a considerable time is required to render 
it complete ; hydriodic acid lends itself far more readily to 
reactions of this class than either hydrobromic or hydro- 
chloric acid, and hydrobromic more readily than hydro- 
chloric add. The nature of the products depends very 
much on the conditions of experiment, on the temperature 
to which the mixture is heated, and the degree of concen- 
tration of the aqueous solution of haloid acid, and isomeric 
compounds are often obtained. Thus hydrobromic acid, by 
its action on bromethylene^ CaHjBr, produces under one 
set of conditions ethylene dihromide^ C2H4Br2, which boils 
at 129°; under other conditions an isomeric body boiling 
at 110°. Similarly, hromopropylene^ CaHgBr, yields either 
propylene dibromide^ CgHfiBrg (b.p. t40°-i43°), or the iso- 
meric compound boiling at 122°. Often, and indeed usually, 
a mixture of the isomeric compounds is produced, since 
it is difficult precisely to maintain the exact conditions 
necessary to the formation of the one or the other alone. 
The compounds with high boiling-points are principally 
formed at the ordinary temperature by the action of a very 
concentrated hydrobromic acid solution ; the isomeric 
bodies by the action of a less concentrated solution at a 
temperature of 100°. 

. 3. Certain bodies exchange (OH)', hydroxyl, for chlorine, 
bromine, or iodine, when acted upon by the haloid acids. 
This mode of action is peculiarly characteristic of the so- 
called * alcohols' and 'oxacids.' The following examples 
may serve in illustration : — 

CjfH^COH) -f HI = 0H2 + C2H5I. 

^«w*o* Ethylic iodide* 
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C3H5(OH)8 + 2HCI = 2OH2 + CsHfiCMOH). 

Glycerine. Dichlorhydrin. 

C3H5(OH)02 + HBr = OH2 + CgHsBrOs. 

Oxypropionic acid. Bromopropionic acid. 

The majority of iodine substitution compounds, however, 
are at once decomposed in contact with hydriodic acid, 
with separation of iodine and replacement of tlie iodine by 
the equivalent amount of hydrogen ; thus : 

C2H3IO2 + HI = C2H4O2 +I2 ; 

so that by acting upon oxypropionic acid, for example, with 
hydriodic acid, we obtain, not iodopropionic, but propionic 
acid ; the former is doubtless produced in the first instance 
(C3H5(OH)02 + HI = OH2 + C3H5IO2), it has but an 
ephemeral exi3tence, however, being at once converted by 
the remaining hydriodic acid into propionic add and iodine 

(C3H5IO2 + HI = C3H6O2 + I2). 

This peculiar behaviour of iodo-derivatives towards hy^ 
driodic acid at once gives a clue to the non-formation of 
iodo-substitution derivatives, by the action of iodine, in those 
cases in which the hydriodic acid first formed by the action 
of the iodine on the hydrogenised compound is not at once 
removed from the sphere of action. 

In virtue of this property, possessed by hydriodic acid to 
so marked an extent, of removing oxygen from bodies and 
replacing it by hydrogen, it is one of the most powerful 
reducing agents known ; in fact, by the action of a very 
concentrated solution at high temperatures, most oxygenated 
compounds may ultimately be converted into the correspon- 
ding hydrogenised substances: thus acetic acid, C2H4O2, 
for example, is converted into ethane, C2H6, &c. 

Action of Oxidising Agents. — i. Hydrogen is eliminated in 
the form of water and replaced oy an equivalent quantity of 
oxygen ; thus : 

CaHeO + Oa =; OHj^ + C2H4O2. 
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2. Hydrogen is • eliminated in the form of water and re- 
placed by tTvice the equivalent quantity of oxygen, as in the 
formation of the quinones, e.g. : 

^loHg + O3 = OH2 4- CjoHg02. 

Naphthalene. Naphthoquinone. 

3. Oxygen is simply added on to the compound : 

C2H4O + O =» C2H4O2. 

. Aldehyde. Acetic acid. 

C2HgS + 03 = C2HgS03. 

Ethylic sulphydrate. Ethylsulphonic acid. 

4. Hydrogen is simply eliminated : 

CaHgO + O = OHa + C2H4O. 

AlcohoL Aldehyde. 

5. The compomid acted upon is split up and yields two 
or more oxidised bodies, each containing fewer units of 
carbon in its formula than the original substance, e.g. : 

CyHigO + 3O2 = OH2 + C3H6O2 + 2C2H4O2. 

TriethylcarhinoL Propionic acid. Acetic acid. 

These reactions are the results of ' moderated ' oxidation, 
and are obtained by employing, at most, a slight excess of 
the oxidising agent ; by a large excess, assisted by a high 
temperature, the majority of carbon compounds are ulti- 
mately resolved more or less readily into carbonic anhy- 
dride and water, just as by combustion with oxygen. 
Although in all the above cases the reactions are repre- 
sented as occasioned by free oxygen, yet, as a matter of fact, 
they are seldom realised by employing free oxygen, but 
usually by evolving the oxygen in the immediate presence 
of the body to be acted upon, or, as it is termed, by nascent 
oxygen. The reagent most commonly employed is a mix- 
ture of potassic dichromate and sulphuric acid in aqueous 
solution, which enter into reaction according to the equa- 
tion : 
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The chromic acid so produced, if in presence of a body 
possessing a tendency to take up oxygen, and an excess of 
sulphuric acid, readily parts with a portion of its oxygen, 
yielding chromic sulphate and water : 

2H2Cr04 + 3H2SO4 = 03 + CT23SO4 + 5OH2. 

Action of ^ nascent^ Hydrogen, — We scarcely know an 
instance in which free hydrogen is able to act upon carbon 
compounds ; in the nascent state, however, i.e. at the 
moment of liberation from a state of combination, it is one 
of the most active and useful agents at the chemist's 
disposal. It is usual to add the compound, which it is 
desired to submit to the action of hydrogen, to a mixture of 
substances evolving hydrogen, such as sodium amalgam and 
water, zinc and sulphuric acid, or tin and hydrochloric acid. 
Hydriodic acid, sulphurous acid, and hydric sulphide, are 
also powerful reducing agents ; the first and last of these, 
although stable in the pure state, readily part with their 
hydrogen to bodies possessing a strong tendency to combine 
with, or take up hydrogen. Sulphurous acid acts by de- 
composing water and setting free the hydrogen, itself com- 
bining with the oxygen to form sulphuric acid ; this decom- 
position of water by sulphurous acid only takes place, 
however, in presence of a third body which has a strong 
tendency to take up hydrogen. The following are the 
modes of action of nascent hydrogen : — 

1. It combines directly with certain imsaturated com- 
pounds ; e.g. : 

C2H2 -f- H2 = C2H4 ; C4H4O4 -f- H2 = C4H5O4. 

Acetylene. Ethylene. Fumaric acid. Succinic acid 

2. It removes oxygen without replacing it ; thus : 

C9H9.OH + H2 = C9H10 + OH2. 

Cinnamic alcohol. Allylbenzene. 

3. Oxygen, chlorine, bromine, or iodine are removed, but 
replaced by the, equiy^aleiit quajitity oi \vydio^<^ii v 
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C2H3CIO2 + H2 = C2H4O2 + HCl. 

Chloracetic add. Acetic acid. 

CyHgOa + 2H2 = CyHgO + H2O. 
Benzoic acid. Benzylic alcohoL 

4. Oxygen is removed and replaced by half the equivalent 
quantity of hydrogen, in the reduction of nitrocompounds to 
amido-cotnpounds : 

C6H5(N02) + 3H2 = C6H,(NH2) + 2H2O. 

Nitrobenzene. Amidobenzene. 

Action of Nitric Acid, — ^The concentrated acid acts most 
violently on many organic bodies, often completely destroy- 
ing them, but the action may be moderated by the addition 
(rf* water. 

1. Nitric add unites with basic substances forming salts. 

2. It acts as an oxidising agent 

3. A * nitric-ether,' or ethereal salt of nitric acid, is 
fomied: 

C2H5(OH) + HNOs = C2H5(N03) + HjO. 

Ethylic hydrate. Ethylic nitrate. 

C,H8(OH)3 + 3HNO, = C3H,(N03), + 3H2O. 

Glycerine. Glyceric nitrate. 

(Nitroglycerine). 

4. Nitro-substitution compounds are produced : 

CeHe + HNO3 = H2O + C6H5(N02); 

Benzene. Nitrobenzene. 

CgHgO + 3HNO3 = C6H30(N02)3 + 3HaO. 

_ PbenoL TrinitropKenol. 

Apparently in cases 3 and 4 the two operations, if repre- 
sented by empirical formulae, are of the same order, and 
consist in the removal of ;/ units of hydrogen from the 
compound in the form of water, and the addition of n 
times NO2 ; but the two classes of derivatives thus formed 
exhibit very dissimilar properties. The nitric ethers are 
readily decomposed by nascent hydrogen, and by heating 
them ^nth water thej are reconverted into their getveia.- 
\OTs; e.g: 
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QHsJNO,) + OHj = C^5(OH) -f HNO,. 



CaH^CNOa), + 9H = C^HsiOH), + 3NO + sOH,. 



The nhro-compoQiids^ on the other hand, are not affected 
by water oit dihite alkafine s(^iitions» but arc readily reduced 
l^ nascent hydrogen and amTorted into amido-derivatives : 

C^H5(NO,) + 3H, = C^H^CNH J + 2H,0. 

By the redaction of nitro-demadves, therefore, products 
are obtained which stQl ocmtain nitrogen, whilst the nitrogen 
is entirely removed from the nitric ethers by the action of 
reducing agents. 

It is interesting to note, diat experiment shows, that far 
less heat is evolved in the fonnation of the nitric ethers than 
in the formation of nitro-compounds, and to contrast this 
with the ^ict that the nitric ethers are, as a class, bodies of 
low stability, being readily decomposed by alkalies, and all 
highly explosive, whilst the majority of nitro-derivatives are 
far more stable substances and Sas less explosive. There is 
thus an evident relation between the amount of heat evolved 
and the natiure of the product in the two cases, and we have 
a clear illustration of the circumstance that the less the 
amount of the chemical energy which is concerned in the 
production of a reaction between given substances, the less 
will be the amount of force necessary to cause the products 
of that reaction to exert the contrary action, and to re-form 
the parent substances, or otherwise to undergo alteration. 

Action of the haloid Phosphorus Compounds. — i. These 
bodies either remove oxygen alone from the compound, re- 
placing it by the equivalent quantity of halogen : 



CaHeO + PCI5 = CaHcda + POCI3 : 

Acetone. Dichloropropane. 

(MethylchloracetoL ) 

2, Or oxygen and hydrogen, on^ >Ma\. Qii\is\Q%^x^ entering 



Action of Dehydrathtg Agents. 5 1 

into the compound for every one unit of oxygen plus one 
of hydrogen removed ; thus : 

C2H4O, + PCI5 = CaHjOCl + POCI3 + HCl 

Acetic acid. Acetic chloride. 

3C2H40a + PQs =3C2H30C1 + HaPO,. 
3C2H4OJ + POClj = 3C2H3OCI + H8PO4. 

3. In some instances phosphoric chloride (PCI5) behaves 
as a mixture of phosphorus chloride and chlorine (PCla-f- 
Cl)), and simply chlorinates : 

CsHgOa + PCIfi = CgHsCTOa + PClj + HCl. 

Coamarin. Chlorocouxnarin. 

Action of Dehydrating Agents, — Phosphoric anhydride, 
hydric potassic sulphate, sulphuric acid, hydrochloric acid, 
zindc chloride, &c., when heated with many oxygenised 
bodies, cause the separation of the elements of water from 
them. Either the products contain :— i. Fewer units of 
carbon than the original compound; 2, the same number 
of units ; 3, or a larger number. For example : 

CH2O2 - OH2 s= CO ; C2H2O4 - OH2 = CO + CO2. 

Fonnicacid. Oxalic acid. 

CaHgO — OM] = C2xl4* 

Alcohol Ethylene. 

2C,H40 - OHj = C4HeO. 

' Aldehyde. Qrotonic aldehyde. 

Action of Alkalies. — Potassic and sodic hydrates may act in 
a variety of ways : 

1. With acids they form metallic salts by double decom- 
position : 

C2H4O2 + NaHO = CaHjNaOa + OH,. 

Acetic add Sodic acetate. 

2. They act as oxydising agents, but at the sani^ >Lva\fc 
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hydrogen is always evolved, so that in the 6nd a mixed 
result is often obtained : 

CaHfiO + KHO = C2H3KO2 + 2H2. 

Alcohol Potassic acetate. 

2C7H6O + KHO = C7H5KO2 + CyHgO. 

Benzoic aldehydel Potassic benzoate. Benzylic alcohol 

In the latter case two phases in the reaction are to be 
distinguished : 

1. CyHfiO + KHO = CyHfiKOa + H2; 

2. CyHfiO + H2 = C^HgO. 

3. The action of the alkalies on chlorine, bromine, and 
iodine-substitution compounds leads in some cases to the 
replacement of the halogen by (OH) ; thus : 

C2H5CI + KHO = KCl + C2H5(OH). 

But more often the whole or part of the halogen is re- 
moved together with an equivalent quantity of hydrogen : 

C2H4CI2 + KHO = KCl + OH2 + C2H3CI. 

Ethylene dichloride. Chlorethylene. 

CaHgBr + KHO = KBr + OH2 + C2H2. 

Bromethylene. Acetylene. 

4. On fusion of the potassic or sodic salts of the sulpho- 
acids with potassic hydrate the corresponding oxy-deriva- 
tives are produced ; e.g. : 

C6H5(S03K) + KHO = C6H5(OH) + SO3K2. 

Potassic benzenesulphonate. Oxybenzene. Potassic 

(Phenol) siilphite. 

Hydration of Organic Compounds. — Under this heading is 
included a series of reactions which depend on the direct 
assumption of the elements of water by organic bodies ; this 
being sometimes, but by no means always, attended by the 
splitting up of the compound into simpler * substances. An 
especial degree of interest attaches to them, inasmuch as 
they undoubtedly play a mOst impottant -i^ait in the pro- 
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cesses which occur in the economy of plants and animals. 
This direct assumption of water takes place in some cases 
spontaneously at ordinary temperatures ; in others more or 
less prolonged heating is requisite ; in others, again, the 
presence of third bodies assists the action to a remarkable 
extent An instructive example of this mode of action is 
lumished by the conversion of cane sugar into a mixture of 
dextrose andlsevulose (C12H22O11 + OHg = CgHjaOe 4- 
CgHiaOfi), which takes place slowly when sugar is heated 
with water, and rapidly when a small proportion of hydro- 
chloric, or sulphuric acid is added. 

Hydration and oxidation very frequently occur simul- 
taneously ; thus acetylene and oxygen in presence of water 
furnish acetic acid : 

C2H2 + O + OH2 = C2H4O2 j 
and similarly allylene, oxygen, and water yield propionic 

acid : 

C3H4 + + OH2 = CaHfiOa. 

This form of action is doubtless also of very great impor- 
tance in the operations of plant and animal life. 

Action of Heat, — The majority of organic bodies are de- 
composed under the influence of heat. In many cases the 
reactions which occur are perfectly definite and simple, as, 
for example, in the decomposition of gallic acid by heat : 

C7H5O5 = CgHsOa + CO2. 

Gallic acid. PyrogalloL 

But as a rule, especially if the temperature employed be 
at all elevated, a complex series of products are obtained 
having no simple relation to the parent compound. Heat 
tends both to simplify and to complicate organic bodies, but 
the more complex the body the more easily does it undergo 
decomposition as a rule : thus the higher hydrocarbons yield 
simpler products when their vapour is passed through a red- 
hot tube ; e.g. : 

^loHft =■ CsHq -f 2C2H2 i 

Naphthalene. Benzene. Acetylene A 
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but many simple hydrocarbons are converted into more 
complex bodies by heat ; e.g : 

3C2H2 = CgHg. 

Acetylene. 



Benzene. 



CHAPTER IV. 



CARBON. 



Since this element has abready been treated of at consider- 
able length in a previous volume of this series, only a few 
points there unnoticed need be here referred to. 

The combustion of the several modifications of carbon 
with an excess of oxygen furnishes different amounts of heat. 
The figures in the following table represent the number of 
heat-units ^ disengaged on combustion of 12 grammes of each 
variety : 

Diamond 93*240 units 



Iron graphite . 
Natural graphite 
Gas carbon 
Wood charcoal 



93,144 

93,564 
96,564 

96,960 



» 



>, 



,9 



„ 



Corresponding differences are observed in their behaviour 
with reagents j thus a mixture of potassic chlorate and con- 
centrated nitric acid is entirely without action on diamond, 
even in the finest state of division ; by its action on the 
various sorts of graphite, grq^hitic acid is formed, whilst 
amorphous carbon is entirely dissolved by the mixture with 
formation of humus-like products. 

Graphitic Add.— The formula of this body, according to 
Brodie, is C^^U^O^ ; according to Gottschalk, CggHj^Oia. The 
product from natural graphite is obtained in yellow microscopic 
crystals of the rhombic or monoclinic system. When heated, 
it decomposes with explosion, incandescence, and evolution of 

' The heat-unit here employed is the amount of heat necessary to 
^/se the temperature of I gramme of water 1° C. 



. Cdrbontt Oxide. 5 5 

gas, leaving a finely-divided black residue, which still contains 
oxygen and hydrogen. 

Carbon is slowly attacked by many oxidising agents, 
carbonic anhydride being always the main product. Thus 
chromic acid solution produces a small quantity of oxalic 
acid, H2C2O4. Potassic permanganate has been found to 
yield traces of formic add, CH2O2, and it is stated that by 
the action of this reagent under certain conditions, Mellitic 
add^ CiaHgOia, is obtainied. Mellitic acid is the chief con- 
stituent of the so-called honey-stone which is found in the 
coal measures ; hence its formation by the direct oxidation 
of carbon is of very great interest 

Pure amorphous carbon is not attacked when heated 
with a concentrated aqueous solution of hydriodic acid, but 
wood charcoal and coal are more or less acted upon and 
converted into hydrocarbons (paraffins). 

The different forms of amorphous carbon ordinarily met 
with are more or less impure. Even the carbon obtained 
by heating pure organic substances, such as sugar, is not 
pure, but retains small quantities of hydrogen and oxygen ; 
these may be removed by heating it intensely for some time 
in a current of dry chlorine. Pure amorphous carbon may 
also be prepared by heating potassium or sodium in carbonic 
anhydride. 

Carbonic Oxide (Carbon monoxide, Carbonous oxide), 
CO. — ^The mode of preparation and main properties of this 
gas are already known to the student. 

Carbonic oxide is decomposed by strongly-heated potas- 
sium or sodium with separation of carbon, but it is absorbed 
by potassium heated to about 80°, forming a highly explosive 
compound of the formula CnK^On. 

The product thus obtained is decomposed with explosive 
violence by water, but may be preserved unchanged under dry 
petroleimi oiL If exposed to moist air, it rapidly changes 
colour, and, it is said^ then contains, according to the sXa.^^ oi 
decomposition, the potassium salt of one of the fo\\omTv^^.c\^^*» 
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Trihydrocarboxylic acid, C,<jH,(jOio; Dihydrocarboxylic kcid, 
CioOjoHg ; Hydrocar boxy lie acid, Cj^OioHg ; or Carboxylic acid, 
CjqOjoH^. By direct decomposition of the fresh mass with 
water, the potassium salt either of Croconic acid, CgO^H^j or of 
Rhodizonic acid, C^OgH^ or a mixture of the two, is obtained. 
Ail these compounds are extremely unstable. 

Carbonic oxide combines directly with platinous chloride^r 
to form the following series of crystalline compounds : 

COPtCla ; CgOaPtCla ; CaOaPtaC^. 

On passing chlorine and carbonic oxide simultaneously over 
finely-divided metallic platinum, heated to about 240°, a mix- 
ture of CjOjPtClj and C30,PtjCl4 is obtained, which may be 
separated by boiling the mass with carbonic tetrachloride ; this 
dissolves, chiefly the latter, leaving a residue consisting of the 
compound CjOjPtCLj. Either of these bodies splits up, when 
heated, into carbonic oxide and the compound COPtClj ; con- 
versely, the latter yields a mixture of CjOjPtClj and CjOjPtjCl^ 
when heated in an atmosphere of carbonic oxide. Water 
decomposes these substances ; thus : 

CaOjPtCla + OHj = CO + CO3 + Pt + 2HCI. 

Carbonic OxychJoride (Carbonyl chloride; Phosgene ; Chlo- 
rocarbonic acid), COCI2. — Carbonic oxide and chlorine do 
not unite in the dark, but combine readily when the mixture 
is exposed to bright light (sunlight). Combination also 
ensues on passing the mixed gases over heated platinum- 
black, or into boiling antimonic pentachloride. Carbonic 
oxychloride may also be obtained by the action of sulphuric 
anhydride on carbonic tetrachloride : 

2SO3 -h CCI4 = COClj + S2O5CI2. 

It is a colourless gas possessing an extremely suffocating, 
tear-exciting odour. It may be condensed, by passing it 
through a U tube surrounded by a mixture of ice and salt, 
to a colourless, mobile liquid boiling constantly at 8*2°. It 
is immediately decomposed by water. 

Carbonic Anhydride (Carbon dioxide; carbonic acid)^ 
CO2. — The union of carbon and oxygeii is accom^^xvkd by 
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tbe evolution of much heat ; but it is a noteworthy circum- 
stance that fer less is evolved in the conversion of carbon 
into carbonic oxide, than in the conversion of the latter into 
carbonic anhydride. Thus the imion of 12 grammes of 
carbon with 16 grammes of oxygen gives rise to the dis- 
engagement of about 25,000 heat-units, but the conversion 
of these 12 + 16 =s 28 grammes of carbonic oxide into 
carbonic anhydride, that is to say, the fixation of a further 
16 grammes of oxygen by the 12 grammes of carbon, is 
attended by the evolution of no less than 69,000 heat-units. 

The probable explanation of this remarkable difference is, 
that heat is absorbed in converting the solid carbon into 
gaseous carbon, in which latter condition it doubtless exists in 
carbonic oxide and anhydride. This view is supported by the 
£au:t that sensibly equal quantities of heat are evolved in the fixa- 
tion of each successive 16 gramnies of oxygen in the formation 
of the two oxides of tin, of copper, and of phosphorus, in all of 
which cases the products are solid. Thus, the oxidation of tin 
to stannous oxide (Sn to SnO) is accompanied by the dis- 
engagement of 34,900 heat-units, and to stannic oxide (Sn to 
SnOj) by the disengagement of 68,900 units, or about double ; in 
the formation of cuprous oxide, the union of 63 x 2 grammes 
of copper with 16 grammes of oxygen (Cuj to CugO) evolves 
18,000 unitSj whilst the combination of 63 grammes of copper 
with 16 grammes of oxygen, to form cupric oxide (Cu to CuO), 
furnishes 38,000 units. 

Carbonic Disulphide (Carbonic sulphanhydride ; Bisul- 
phide of carbon) CS2. — Carbon and sulphur do not combine 
when simply heated together in the solid state, owing to the 
volatilisation of the sulphiu: at a temperature below that at 
which combustion can take place ; their union may be 
readily eflfected, however, by passing sulphur vapour over 
red-hot carbon. 

It is noteworthy that the formation of carbonic disulphide 
is attended by an absorption of heat ; this will be evident 
firom the following comparison of its heat of combustion 
with ^e heats of combustion of its constituents ; — 
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C . . . . . . . 94,000 

Sg • 142,000 

236,000 
CSa 258,000 

-22,000 



The union of 64 grammes of sulphur with 12 grammes of 
carbon thus requires the absorption of no less than 22,000 
heat-units, and this fact explains how it is that in order to 
combine carbon with sulphur it is necessary to apply heat 
throughout the whole course of the operation, whereas the 
combustion of carbon in oxygen, when once commenced, 
proceeds spontaneously, owing to the large amount of heat 
evolved in the process. 

Pure carbonic disulphide is a mobile, colourless, strongly- 
refracting liquid, almost insoluble in water, possessing a 
faint unpleasant odour, of sp. gr. 1*29 at o®. It boils at 
46°, and is extremely volatile and inflammable ; its vapour 
when mixed with air is highly explosive : 

CSa H- 2O2 = CO2 H- SO2. 

It dissolves sulphur, phosphorus, iodine, oils, &c., and is 
largely used in the arts and manufactures on account of its 
solvent power. 

Action of Chlorine on CSj. — The ultimate product of the 
action of dry chlorine in presence of iodine or antimonic 
pentachloride is carbonic tetrachloride : 

CSj + 3CI2 = S3CI3 + CCI4. 

Two intermediate products of the composition, CSC\^(perchlor' 
methyl mercaptan) and CaSjClg, may be isolated if the action of 
chlorine in presence of iodine be hot carried too far ; the latter 
is a magnificentiy crystalline body, the former an oily liquid. 
Moist chlorine exercises simultaneously both a chlorinating and 
an oxidising action^ and gives rise to tlaa ioWomti^ ^Todvicts i 
CSClg, su/^Aocardonyl chloride ; CSCl^, ^ercHlormetHyl rMx^ 
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afian i^nACSClfi^trtchlarmethyl sulphurous chloride. By the 
prolonged action of bromine and antimonic pentabromide on CS, 
at high temperatures, carbonic tetrabromide, CBr4, is formed 

Carbonic disulphide enters into combination with the 
metallic sulphides to form stUphocarboncUes^ in exactly the 
same way that carbonic anhydride unites with the metallic 
(uddes, foiming metallic carbonates : 

' Sulphocarbbnic acid is readily obtained as a yellow, easily 
decomposable oily liquid on treating a sulphocarbonate with 
dilute hydrochloric acid : 

KaCSa + 2HCI = 2KCI 4- HaCSj. 

Carbonic OxysulphidCy COS, is obtained by the action of 
moderately dilute sulphuric acid on potassic sulphocyanate : 

2KSCN + 2SO4H2 H- 20H2=2COS + S04(NH4)2H-S04K2. 

Also on gently heating a mixture of carbonic disulphide and 
sulphuric anhydride : 

CSa + SO3 = COS + SO2 H- S. 

It is a colourless gas, easily decomposed by heat into 
carbonic oxide and sulphur, possessing a faint, not un- 
pleasant, odour. It is completely absorbed, though less 
rapidly than carbonic anhydride, by potassic hydrate solu- 
tion, and is at the same time decomposed : 

COS + 4KHO = K2CO3 + K2S + 2OH2. 

CYANOGEN COMPOUNDS. 

Hydrocyanic Acidy HCN. — The most direct synthesis of 
this compound is effected by passing electric sparks through 
a mixture of acetylene and nitrogen gases : 

C2H2 + N2 = 2HCN. 

It is not necessaiy; in order to realise this synthesis, lo ^re- 

pare pure acetylene, but the experiment may be sYiovjtv \i^ 

passing the electric sparks through nitrogen saturated mt\i\iexv- 
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zene vapour : the latter is partially decomposed into acetylene 
(CgH^ « SCaHg), which then enters into union with the nitrogen. 
A current of nitrogen is therefore transmitted first through a 
flask containing benzene and then into a glass globe provided 
with platinum wire poles, between which electric sparks are 
constantly passing ; the issuing gas is washed by water, which 
dissolves the hydrocyanic acid, and the latter may afterwards 
be shown to be present by the appUcation of the ordinary cha- 
racteristic tests to the solution. 

Hydrocyanic acid is also formed : i. By the action of 
heat on ammonic formate : 

HCO2NH4 = HCN 4- 2OH2. 

2. By the action of ammonia on chloroform, the reaction 
being greatly facilitated by the addition of a small quantity 
of an alcoholic solution of potassic hydrate : 

CHCls H- NH3 = HCN + 3HCL 

3. By the action of acids on metallic cyanides : 

HCl + KCN = HCN + KCl. 

The anhydrous acid is prepared by decomposing argentic 
or mercuric cyanide by dry gaseous hydrochloric acid, 
or hydric sulphide. It is a colourless liquid of scarcely 
acid reaction, which boils at 26*5° and solidifies at —15**. 
Specific gravity 705 at 7°. It is soluble in water and 
alcohol in all proportions ; both the anhydrous and strong 
aqueous acid are inflammable, and possess an odour resem- 
bling that of bitter almonds. It is a most violent poison^ so 
that the greatest caution must be exercised when dealing 
with it. 

An aqueous solution of the acid is most conveniently ob- 
tained by distilling potassic ferrocyanide with dilute sulphuric 
acid : 

2K^Fe(CN;e + 3SO4H3 « 6HCN + KaFeaCCN)^^] + 3SO4K 

* This product is identical with the precipitate which is produced on 
adding a ferrous salt to a solution of potassic iettoc^a.mdt \ — 

FeSO^ +K^Fe(CN)e =KaS04+KaFea^C^^e- 
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If a concentrated acid be required, a mixture of lo parts coarsely- 
powdered ferrocyanide, 6 parts ordinary sulphuric acid, and 14 
parts of water is employed ; if a weaker acid^ 30-40 parts of 
water are added. The mixture is placed in a flask connected 
with a condenser and receiver, the latter being provided with 
a tobe to carry any uncondensed vapour away from the operator 
into the open air, or chimney of the laboratory. The flask is 
caiefiilly heated on a sand bath and shaken from time to time, 
otherwise the contents of the flask are liable to bump violently 
and endanger its breaking. 

The pure acid is very unstable, decomposing sponta- 
neously with formation of a brown amorphous product and 
ammonia. The aqueous acid behaves similarly, ammonic 
fonnate being one of its decomposition-products. The 
presence of a trace of a mineral acid, however, increases 
the stability of the aqueous acid in a remarkable manner, 
although if the solution be heated with a mineral acid, or an 
alkali, it is rapidly decomposed according to the equation : 

HCN 4- 2OH2 H- HCl = HCO2H + NH4CI ; or 

Formic acid. 

HCN + OH2 H- KHO = HCO2K -h NH3. 

These reactions, by which the conversion of the (CN)' group 
mto the (COjH^CO.OH) group is effected, are of great im- 
portance, as they afford a general method of synthesising acids, 
and of converting acids of lower into acids of higher basicity ; 
for example, ordinary alcohol may be converted into propionic 
acid by the following series of reactions : 

CjHyOH + HI - C3H5I + OHj; 
CaHj.! + KCN = C3H5.CN + KI ; 
CaH5.CN + 2OH2 + HCl - C2H5.CO3H + NH^Cl 

Similarly, monobasic acetic is transformed into dibasic malonic 
acid . 

CH5.CO2H + CI3 - CHjCLCOaH + HCl; 

Acetic acid. Chloracetic acid. 

CHjCLCOaH + KCN - CH,(CN).C02H + KCl; 

Chloracetic acid. Cyanacetic acid. 

CH,(CNJ).CO,H + 20Hj + 2KHO =. CHjCCOjK), + 2^"ft» 

Potasslc madonave. 
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Hydrocyanic add unites directly with hydrochloric, * 

hydrobromic, and hydriodic adds, forming white, crystalline, ^ 

easily decomposable compounds: HCN + HCl = CH2NCL ' 

Metallic cyanides are formed by the action of the metallic * 

oxides and hydrates on hydrocyanic acid : ;; 

HCN + KHO = KCN + OH2. 
2HCN + HgO = Hg(CN)2 + OH2. 

Potassic cyanide is also formed on passing nitrogen over 
a mixture of potassic carbonate and carbon heated to red- 
ness I 

KaCCS + 4C H- 2N = 2KCN + 3CO. 

It is often found in the iron blast-furnaces, formed in 
virtue of this reaction from the potassic salts present in the 
materials smelted, and the carbon and nitrogen in the fuel 

Detection and Estimation of Hydrocyanic Add, — ^The solution 
suspected to contain hydrocyanic acid is rendered alkaline by 
potassic hydrate, small quantities of ferrous sulphate and ferric 
chloride solutions are then added, and finally, sufficient hydro- 
chloric acid to redissolve the precipitated ferrous and ferric 
hydrates. If a dark blue precipitate remain, or if the solution 
be of a green colour and deposit a blue precipitate on standing, 
it is evidence of the presence of hydrocyanic acid or a cyanide in 
the solution tested. The explanation of this test is as follows : 
supposing the solution to have contained free hydrocyanic acid, 
on the addition of potassic hydrate this becomes potassic 
cyanide, which reacts on the ferrous salt subsequently added 
to form potassic ferrocyanide ; 

FeSO^ + 6KCN = K4Fe(CN)e + K,SO^. 

The blue precipitate is produced by the action of the ferric salt 
on the ferrocyanide : 

3K^Fe(CN)a + ^FejCle « 2Fe33Fe(CN)e + 12KCI, 

and the hydrochloric acid is added to dissolve the ferrous and 
ferric hydrates precipitated by the excess of potassic hydrate. 

The quantitative determination of hydrocyanic acid depends 
on the fact that potassic and argentic cyanides unite to form a 
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soluble double cyanide, KCN,AgCN : the hydrocyjinic acid is 
theref(M« first converted into potassic cyanide by the addition 
of potassic hydrate, a solution of argentic nitrate of known 
strength is then dropped in, until the precipitate which first 
fonns no longer disappears on shaking ; at this point the whole 
of the cyanide is converted into the double salt, consequently, 
the amount of silver solution added being known, it is easy to 
calculate the amount of hydrocyanic acid present from the 
equation : 

AgNO, + 2KCN = AgCNKCN + KNOj, 

vhich tells us that every 170 parts of argentic nitrate correspond 
to 130 parts of potassic cyanide, or 54 parts of hydrocyanic acid. 

Double Cyanides, — A large number of metallic cyanides 
combine with each other to form so-called double cyanides. 
Most of these when acted upon by mineral acids evolve 
hydrocyanic acid and produce the corresponding salts of 
both metals, thus : 

KCN,AgCN + 2HCI = 2HCN H- AgCl + KCl. 

The double cyanides of iron, cobalt, and chromium, 
however, hehave differently : when treated with acids no 
hydrocyanic acid is evolved, and only one of the metals is 
replaced by hydrogen, thus : 

K4Fe(eN)6 H- 4HCI « H4Fe(CN)6 + 4KCI. 

Potasac ferrocyanide. . Hydroferrocyanic acid. 

Hydroferrocyanic acid thus prepared is a white crystalline 
powder which rapidly becomes blue on exposure to the 
air. It is a strong acid, decomposing carbonates and ace- 
tates readily. 

Pure cyanides of iron have never yet been obtained, so 
great is the tendency on the part of iron to form double 
cyanides. Even metallic iron is dissolved by potassic 
cyanide : if the air have access, the reaction takes place 
as represented by the equation : 

6KCN + Fe + OHj + O = K4Fe(CN)6 + 2KOH ; 
but )i oxygen be carefully excluded, hydrogen is evo\v^di\ 



64 Organic Chemistry, 

6KCN + Fe + 20Ha = K4Fe(CN)6 + 2KOH + H^. 

Potassic ferrocyanide, K4Fe(CN)6, is prepared on the 
large scale by fusing dry refuse animal matter, such as horn- 
parings, leather scraps, &c., with crude potassic carbonate 
and iron filings or turnings in large iron vessels. The 
cooled mass is subsequently exhausted with hot water, the 
solution is evaporated to crystallisation, and the crude salt 
thus obtained purified by recrystallisation. A number of 
reactions occur during this process : in the first place, po- 
tassic cyanide is formed by the union of the potassium of 
the potassic carbonate with the nitrogen and carbon of the 
animal matters ; on subsequent treatment of the fused mass 
with water, the potassic cyanide is dissolved, but imme- 
diately reacts on tiie metallic iron and ferrous sulphide^ to 
form potassic ferrocyanide. The ferrous sulphide is derived 
partly from the sulphur in the animal matter, and partly 
from the potassic sulphate present in the crude carbonate. 

The pure salt crystallises in large, pale yellow tetragonal 
pyramids of the composition K4Fe(CN)6 + 3OH2 ; it is 
readily soluble in water, and is not poisonous. 

Potassic ferrocyanide (yellow prussiate of potash) is 
largely employed in the manufacture of prussian blue for 
dyeing purposes; this is formed by mixing solutions of 
potassic ferrocyanide and ferric chloride, and is, in fact, 
ferric ferrocyanide : 

2Fe2Cl6 + 3K4Fe(CN)6 = 2Fe2.3Fe(CN)6 + 12KCI. 

At a red heat potassic ferrocyanide is decomposed into 
potassic cyanide, nitrogen, and so-called carbide of iron. 

Potassic Ferricyanide. — By the action of oxidising agents 
on potassic ferrocyanide, this salt loses a portion of its 
potassium and is converted into potassic ferricyanide. 
The latter is usually prepared by the action of chlorine 
either on the dry salt, or on an aqueous solution, the con- 
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Teision of the ferrocyanide being complete when on the 
addition of ferric chloride a blue precipitate is no longer 
produced : 

2K4Fe(CN)e + Clj = 2KCI + KeFeaCCN)^. 

Potassic ferricyanide (red prussiate of potash) forms large 
niby-red prismatic crystals, readily soluble in water. In 
the presence of compounds capable of imdergoing oxidation 
(ue. of giving up hydrogen, or of taking up oxygen), and 
in alkaline solution, it acts as a powerful oxidising agent, 
being reconverted into ferrocyanide : 

K«Fe,(CN)ia + 2KHO = O + OHj 4-2K4Fe(CN)6. 

Soluble ferricyanides yield a dark blue precipitate* of 
fenous ferricyanide (TumbuU's blue) with ferrous salts ; a 
blown coloration widi ferric salts. 

Cyanogen^ C2N2 = (CN)2. — Cyanogen cannot be formed, 
except perhaps in very minute quantities, by direct imion of 
its elements. The combination of carbon and nitrogen to 
form cyanogen would, it is ascertained, be attended by the 
absorption of a large amount of heat 

It may be obtained : 

1. By the decomposition of the cyanides of mercury, 
silver, and gold by heat :— Hg(CN)2 = C^Na + Hg. 

A certain quantity of a brown amorphous substance {^o- 
Ksl^sA paracyanogetC)^ having the same composition as cyanogen, 
and which is doubdess a polymeric modification, is always pro- 
duced simultaneously. This paracyanogen is completely con- 
verted into gaseous cyanogen by heating to 860° 

2. By the dry distillation of oxamide^ C202(NH2)2, or 
ammonic oxalate, C204(NH4)2 : 

C202(NH2)2 = 2OH2 H- C2N2. 

Cyanogen is a colourless, extremely poisonous gas, pos^ 
sessing a characteristic odom: resembling that of bitter 

» KeFe^rCJ^^, -hSFeSO^ - ZK^SO^ + (Fe3)Fea(CN)^^. 
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almonds. It is readily condensed by the application of 
pressure, or cold, to a mobile liquid, which solidifies a few 
d^rees below — 30* to a crystalline solid. It bums in oxygen 
or air with a violet flame. 

In its chemical behaviour cyanogen exhibits the closest 
relations to the monad elements chlorine, bromine, and 
iodine, entering into combination with, and replacing, monad 
elements, and forming derivatives which in many respects 
closely resemble those yielded by these elements under 
similar conditions. For example, the action of cyanogen 
on a solution of potassic hydrate, which yields a mixture of 
potassic cyanide and cyanate : 

CjN, + 2KHO = KCN + KCNO + OHj 

is the precise analogue of that which occurs when chlorine 
acts upon potassic hydrate : 

CI, + 2KHO = KCl + KGIO + OH,. 

It was the discovery of this peculiar property of this 
body which first gave rise to the assumption of compound 
oiganic radicles,^ or groups of elements capable of being 
transferred unaltered from compound to compound : the 
molecule of C3ranogen being assumed to contain twice the 
monad compound radicle (C^'^N"')', just as the molecules of 
hydrogen, of chlorine, &c., are assumed to be constituted as 
represented by the formulae H2, Clj. 

Both aqueous and alcoholic solutions of cyanogen decom- 
pose spontaneously, depositing a brown powder (azulmic 
acid). The main product of decomposition in aqueous solu- 
tion is ammonic oxalate : 

CjNj + 40Hj = C204(NH4),. 

* An element is regarded as a simple radide, and in the same way 
that we speak of monad, djrad, or triad elements so we speak of monad, 
dyad, or triad compound radicles, meaning thereby that these are 
equivalent in combining or replacing power to one, two, or three unit- 
weights of hydrogen. 
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At the same time, however, small quantities of ammonic 
carbonate, hydrocyanic acid, and urea are produced, thus : 

CaN, + OHj = HCN + CNOH, 

Cyanogen Hydrocyanie Cyanic add. 

acid. 

bat the cyanic add in presence of water is at once converted 
paidy into hydric ammonic carbonate, partly into urea, 
CO(NH,), 

CNOH + 20Ha = NH4HCO3. 
2CNOH + OH2 = CCKNHa)^ H- CO2. 

The presence of aldehyde, or of hydrochloric acid, in the 
aqueous solution has a remarkable effect in retarding the 
assimilation of water ; in this case, oxamide is produced in 
place of ammonic oxalate : 

CaN, + 2OH2 = C202(NH2)2. 

Cyanogen is similarly, although more rapidly converted 
mto oxalic acid by digestion with a solution of potassic 
hydrate, or of a mineral acid 

Chlorides of Cyanogen, — By the action of chlorine on 
hydrocyanic add, or on metallic cyanides, the hydrogen or 
metal is replaced by chlorine, and a chloride of cyanogen 
is produced, thus : 

HCN + CI2 = HCl + CICN ; 
Hg(CN)2 + 2CI2 = HgCla + 2CICN. 

Three such compounds have been described : one is 
gaseous ; the second is a liquid boiling at 12*6** ; the third 
is a crystalline solid boiling at 190°. It is probable, how- 
ever, tliat the gaseous chloride is simply the vapour of the 
• fiquid chloride. 

liquid cyanogen chloride (CNCl) is obtamed by passing 
dilorine into a solution of i part of hydrocyanic acid in 5 
parts of water cooled by a mixture of ice and salt until the 
Hquid assumes a green colour ; it separates as an oily layer 
at the bottom of the liquid mass, 

F2 
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Solid cyanogen chloride (C3N3CI3), which is polymeric 
with the liquid chloride, is prepared by passing chlorine into 
a well-cooled solution of i part hydrocyanic acid in 4 parts 
anhydrous ether, and separates in the crystalline form after 
some time. 

Similarly, two bromides of cyanogen of the composition 
represented by the formulae CNBr and CaNaBrj respectively, 
and a crystalline iodide, CNI, are known. 

Hydrates of Cyanogen, — ^These may be regarded as de- 
rived from the above chlorides by the replacement of 
chlorine by hydroxyl (OH). The following are known : — 

Cyanic acidy CNOH ; Cyanuric acid^ C3N3O3H3 ; and 
Cyamelide, «(CNOH), a compound of the same percentage 
composition as these, the unit-weight of which is yet un- 
known. 

The compound intermediate between the first and second 
of the above, Dicyanic acid^ C2N2O2H2, does not appear 
to have been obtained in a pure state. 

These bodies are chiefly interesting on account of the 
remarkable manner in which they pass firom one condi- 
tion to the other : thus if acetic acid be added to a cyanate 
in insufficient quantity to decompose it entirely, it is con- 
verted into cyanurate ; cyanuric acid is converted by heat 
into cyanic acid, which changes spontaneously into cyame- 
lide ; cyamelide is converted by heat into cyanic acid, and 
by the action of alkalies into cyanuric acid. Another of 
the most interesting changes occurring in this series is the 
spontaneous conversion of ammonic cyanate, CN0(NH4), 
into urea^ CO(NH2)2, the amide of carbonic acid. 

Cyanic Acid^ CNOH. — The sole method of preparation 
is by distillation of dry cyaniuic acid. Cyanates are readily 
obtained by the direct oxidation of cyanides : thus potassic 
cyanide is converted into potassic cyanate, by fusion with 
manganic peroxide, or plumbic oxide : 

CNK + PbO = CNOK + Pb. 
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The formation of potassic cyanate by the action of cyano- 
^n on a solution of potassic hydrate has been previously 
described. 

Cyanic add cannot be prepared by the double decom. 
position of cyanates by acids, since it is rapidly converted 
in presence oif water into amnionic carbonate and urea. 
Pore cyanic acid is a colourless, strongly acid liquid, of 
extremely pungent odour ; at 0° C. it changes spontaneously 
in an hour into white crystalline cyamelide. 

Cyanuric Acidy C3N3O3H3, is obtained by the action of 
heat, or of chlorine, on urea ; also by double decomposition 
d* solid cyanogen chloride by water. It is only completely 
converted into ammonic carbonate after long-continued 
boiling with water. It yields solid cyanogen chloride when 
submitted to the action of phosphorus pentachloride : 

C3N3O3H3 + 3PCI5 = C3N3CI3 + 3POCI3 + 3HCI. 

Sulpkocyanic Acid^ CNSH. — ^The most important salt of 
this add, potassic sulphocyanate, is readily formed by 
heating a mixture of potassic cyanide and sulphur in equiva- 
lent proportions for some time to fusion. Potassic sulpho- 
cyanate crystallises in long white, highly deliquescent pris- 
matic needles. Sulphocyanic acid, like cyanic acid, is ex- 
tremely unstable, and is readily converted in presence 01 
water into carbonic oxysulphide (p. 59) and ammonia: 

CNSH -f OH2 = COS H- NH3. 

Cyanamidey CN(H2N), is obtained by the action of 
gaseous chloride of cyanogen on ammonia. It is a white 
crystalline body, which melts at 40°. If an aqueous solu- 
tion of it be left to itself for some time, it deposits a spar- 
ingly soluble crystalline substance, which is probably dicy- 
anamide^ C2N4H^i When heated to 150°, cyanamide solidi- 
fies with considerable evolution of heat, and is converted 
into cyanuramide or melamine, CsNgHg. By the action 
of strong acids (sulphuric acid) c/anuramide is finally cou- 
vsned into cyanuric acid, but a series of inteTTCiedVaXfc 
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products are obtained, each derived from the preceding by 
the addition of OH2 and elimination of NH3 : — 

QNfiHe + OHi - NH3 = C3N5H5O. 

Cyanuramide. Ammeline. 

2C3N5H5O + OHa - NH3 = C6N9H9O3. 

Ammeline. Ammelide. 

CfiNgHgOa H- OHa - NH3 = 2C3N4H4O2. 

Ammelide. Melanurenic add. 

CjN^H^Oj + OH, - NH3 = C3N3H3O3. 

Melanurenic acid. Cyanuric add. 



CHAPTER V. 

HYDROCARBONS. 
CnH2n+2>'OR MARSH GAS SERIES. PARAFFINS. 

The name * paraffin '^ has long been applied to a mixture of 
the solid hydrocarbons of this series, and many of the 
liquid members are known commercially as 'paraffin oils' ; 
hence it has been proposed by Mr. Watts to employ it as 
a generic term indicating the chemical indifference which, 
indeed, is especially characteristic of the entire group now 
under consideration. 

A large number of these paraffins are known ; they con- 
stitute, in fact, a complete homologous series, each term of 
which, from CH4, the first member, upwards differs fi-om the 
term next below in the series by CH^ The iirst three mem- 
bers of the series are gaseous ; those following are liquid, but 
become more and more viscid and less volatile as the series 
is ascended ; whilst the highest terms are crystalline solids. 
There is also a gradual increase in specific gravity firom. 
term to term. These gradual alterations in physical pro— 
perties are attended by slight alterations in chemicai 

* From parum^ affinis. 
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behaviour, although the members exhibit the same general 
behaviour throughout the entire series. 

The following are the names and formulae of the first teti 
members of the series : — 



Methane. 


• Cri4 


Hexane . 


• C6Hi4 


Ethane . 


f C2H5 


Heptane . 


• C7H18 


Propane * 


► • ^sHg 


Octane . 


• ^8"l8 


Tetrane . 


► • C4riiQ 


Nonane . 


• OqHjq 


Pentane . 


» • 05x112 


Decane . 


. C10H22 



The whole series may be built up by progressive conden- 
sation, with simultaneous elimination of hydrogen, from the 
first term, Methane, CH4 ; thus : 

CH4 + CH4=C2H6H-H2 ; C2H6+CH4=C3H8H-H2; &c 

This condensation may be effected either directly by the 
agency of heat, or indirectly by the so-called method of 
addition, which consists, so to speak, in setting free, by 
appropriate means, two hydrocarbon residues of two mono- 
sabstitution-derivatives of CaH2n + 2 hydrocarbons in pre- 
sence of each other, when they combine, thus : 

CH3I + 2^ = 2^^2 H- CH3 ~ ^^Hfi. 

The first of these methods is not generally available, inas- 
much as the CnH2n+2 hydrocarbons themselves lose hydro- 
gen under the influence of heat Various modifications of 
Ae second are therefore employed for their preparation. 

GENERAL METHODS OF PREPARATION. 

I. From the CnHgn+i.OH series of alcohols. These 
are converted by the action of the haloid acids, or haloid 
phosphorus compounds, into the corresponding mono- 
chlorinated, monobrominated, or moniodated paraffin, which 
is then submitted to the action of nascent hydrogen : 

C„H2,^;.0H ^ HCl = C„H2,^,C1 + OH^-, 
CnH^^.Cl + H2^ C^H^n^^ + HCl. 



72 Organic Oiemistry, 

This is probably the only really general liietnod of pre- 
paration ; those following all cease to be available at certain 
stages in the series. 

2. By the action of water on the zinc organo-metallic 
compounds of the general formiila Zn(CaHft + 1), : 

Zn(aH2^^,)2 + 2OH2 = Zn(OH)a + aQHan+a- 

A modification of this method, whereby the previous pre- 
paration of the zinc organo-metallic compound in the pure 
state is avoided, consists in heating a mixture of the mon- 
iodo-derivative of the paraffin required with zinc and 
water ; 

2C^H2n+iI+2ZnH-20H2 = Znia -f- Zn(0H)2 + 2C^H2„+2. 

3. By heating the moniodo-derivatives of the paraffins 
with zinc : 

2C^H2n + J + Zn = Znia + Q^^^. + 2- 

The paraffin thus formed is resolved partly, however, into 
the paraffin containing half as much carbon and the olefine' 
corresponding to it : 

C2nH4n + 9 = CaH2n 4. 2 + CnH2n. 

4. By the action of sodium on the moniodo-derivatives of 
the paraffins : 

aCnHan + il + Na2 = 2NaI -|- Z^^^ ^ ^ 

5. By the electrolysis of the acids of the CnH2n + 1.CO2H 
(or acetic) series : 

2CnH2n + i.C02H = C2nH4n + a H" 2CO2 + ^2* 

6. By the dry distillation of a mixture of sodic hydrate 
with the sodic salt of an acid of the CnH2n+i.C02H (or 
acetic), or of the CnH2n(C02H)2 (or succinic) series : 

CnH2n+i.C02Na H- NaOH = Na2C03 -h Q^^^^. 
CnH2n(C02Na)2 + 2NaOH = 2Na2C08 + CnH2n+2- 

> The hydrocarbons of the C|xH2n series are termed generically 
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It is usual to regard the CnH2n+2 series of hydrocarbons 
as derived from the first term, methane, by the substitution 
of so-called radicles of the CnH2n+i series for hydrogen. 
For example, ethane is regarded as formed from methane 
by the replacement of H in the latter by methyl (CH3) ; 
and the reaction whereby ethane is formed on treating 
iodomethane (methylic iodide) with sodium, viz. : 2CH3I + 
Na, = 2NaI + CaHg, may evidently be thus interpreted. 
On this view the names mdhylmethane and dimethyl are 
often applied to ethane, and have reference to the mode of 
fonnation indicated by the above equation. But these radicles 
(rfthe CnH2n+i series, which are simply residues of CnH2n+2 
hydrocarbons, have no existence in the free state ; in point of 
feet they are convenient fictions, which nevertheless render us 
great service in our system of symbolic notation. They are 
generally designated by names ending in yl^ formed from 
Ae names of the hydrocarbons to which they corresDond by 
changing the terminal one into yl. 

Methane and its homologues are also oflen regarded as 
compounds of C11H2J1+1 radicles with hydrogen, i.e. as hy- 
drides of these radicles : thus methane is termed methylic 
hydride ; ethane ethylic hydride^ &c. This method of nomen- 
clature, however, appears to suggest that a portion of the 
hydrogen in methane has a different value or function to 
that of the remaining hydrogen ; now although this is not 
absolutely disproved by experiment, there is the strongest 
reason to believe that it is not the case, and it therefore 
appears unadvisable to regard these hydrocarbons as 
hydrides of hypothetical radicles. The names dimethyl 
and methyhnethane, again, appear to suggest that ethane 
actually contains the radicle methyl, or that, in fact, 
when tiie two methyl groups liberated from 2CH3I by the 
action of Naj coalesce to form C2He, these groups still 
preserve their individuality in the new compound. If so, 
we should expect by the action of chlorine, for example^ 
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on CaHfi, to obtain 2CH3CI ; this, however, is not the case, 
but chlorinated derivatives of CaH^, such as CqHsCI, &a, 
are always produced. Again, the hydrocarbon CaHg, ob- 
tained by the action of sodium on a mixture of iodo- 
methane and iodethane : 

C2H5I + CH3I + Na, = 2NaI + CaHg, 

does not yield a mixture of CqHsCI and CH3CI when acted 
upon by chlorine, but such derivatives as C3H7CI and 
C3H6CI2. Other reagents act similarly, and do not resolve 
the hydrocarbons into products bearing any simple relation 
to those from which they were originally built up. 

We are thus led to conclude that these hydrocarbons 
are, so to speak, perfectly homogeneous compounds ; that 
the so-called radicles from which they may conveniently be 
regarded as formed have on coalescing lost their individu- 
ality ; in fact, that they have no real existence in the new 
compounds. From these considerations the name ethane 
appears therefore the most appropriate for the hydrocarbon 
obtained from iodomethane by the action of sodium ; such 
names as methylmethane or dimethyl may still be usefully 
employed, in order to recall the operation whereby the 
compound is produced, although not as in any way ex- 
pressing the actual constitution. Employed in this sense, 
such a system of symbolic nomenclatiure is of the greatest 
service, especially in the higher terms of the series, as a 
means of recalling the methods of formation of the com- 
pounds represented, and also of distinguishing between the 
numerous isomerides. 

No isomeric modifications of the first three members of 
the series — methane, CH4 ; ethane, CaHg ; or propane, 
C3Hg — have been obtained, but two modifications of the 
fourth member, tetrane, C4H10, are known, and each higher 
term of the series, so far as at present investigated, has been 
found capable of existing in ia still greater number of 
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isomeric forms, the number of Isotnerides increasing more 
and more rapidly as the series is ascended. 

Now according to the above view, which leads us to regard 
ediane as the mono-methyl-derivative of methane, no 
ismneric modifications of ethane are possible if the four 
imits of hydrogen in methane are of exactly equal value, 
and, as a matter of fact, none have been obtained. 

The next higher homologue, propane, CaHg, may be 
regarded as formed from methane by the substitution of 
hydrogen by -ethyl, C2H5, the hypothetical radicle derived 
fiom ethane by the ^vithdrawal of one unit-weight of hydro- 
gen, and may be written CH3.C2H5 or CH3.CH2.CH3, since 
CHg equal* CHj.CHj - H = CH3.CH2. Propane is there- 
fore ethylmethane, or, which is the same, methylethane. 
No other arrangement of the symbols being possible than 
tiiat which obtains in the formula CH3.CH2CH3, there 
should be only one propane according to this theory, which 
is really the case. By replacing hydrogen in propane by 
methyl, the next higher homologue, methylpropane or 
tetrane, C4H10, is produced ; but it will be evident that the 
formula of this hydrocarbon may be written in two ways : 
either H in one of the end CH3 groups may be supposed 
to be replaced by CH3, as represented by the formula 
CH3.CH2.CH2.CH3, or the CH3 group may replace H in the 
centre CH2 group, whence the formula CH3.CH(CH3).CH3; 
and as a matter of fact two isomeric hydrocarbons of the 
composition C4H,o are known. Similarly three isomeric 
pentanes, C5H12, have been prepared, and we find that the 
formula of this hydrocarbon may on the above theory be 
written in three ways, viz. : 

1. Cri3.Cri2*^^2*^^2*^1^3* 

2. CH3.CH2*^"(^"3)*^^3* 

3. C(CH3)4. 

All other modes of arrangement appear on inspection to 
\>e identical with one or other of these. 
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Similarly it may be shown that the formularjpf Hexane,*: 
C6H14, may be written in four, that of Heptan^ in six, diiSto 
ferent ways; and since three Hexanes and three Heptanes' 
only are known, we anticipate that a fourth modification ol 
the former and three modifications of the latteij^emain to be 
discovered. 

The operations whereby these isomeric hydrocarbons are 
produced are different, hence the isomerism ; ^d they are 
accordingly symbolised by differently constructed rational 
formulae. It is in this sense, therefore, that the formulae 
must be interpreted ; they are not to be regarded as repre- 
sentations of the actual constitution of the hydrocarbons. 

The known paraffins may be classified in four series, ac* 
cording to their modes of formation and chemical behaviour. 
Those arranged in vertical columns in the accompanpng 
table are homologous, those on the same horizontal line are 
isomeric. 

The members of the first series are termed normal primary 
paraffins : they alone can be directly converted into normal 
primary monohydric alcohols. The boiling-point (and spe- 
cific gravity in the liquid state) of each normal paraffin is, 
as a rule, higher than that of either of the corresponding iso- 
meric hydrocarbons, and it is especially noteworthy that the 
normal paraffin is the term of greatest stability* in each iso- 
meric series ; it may be noticed also, that in their deve- 
loped rational formulae no one unit of carbon is represented 

2. CH3.CH(CH3).CH2.CH2.CH3 

3. CH3.CH(CH3).CH(CH3).CH3 

4. CH3.C(CH3)2.CH2.CH3 (unknown) 

I. CH3.CH2.CII2* ^"^2* ^^2* ^^2* ^^3 

2. CH3.CH(CH3).CH2.CH2.CH2.CH3 

3. CH3.CH(CH3).CH2.CH(CH3).CH3 (unknown) 

4. CH3.C(CH3)2.CH2.CH2.CH3 (unknown) 

5. CH3.C(CH3)2.CH(CH3).CH3 (unknown) 

6. CH3.CHa.C(CH3)a.CH2.CH8 



lie 



C(CH.). 

C{C.H.)<CHJ, 4 
I- 



bM. ■ CA 



. C«H1 

able That the relations in boyiog-npint omj speeific gravity (and olli*r 
:,.B, 5 homologous and isomeric pataffins are in reaUty much more definite 
- ^^^- - ■■- ■ ' ■ma.hQwever, it Willie neceisnryio com- 
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IS directly united with more than two other units of 
cabon, or, to use symbolic language, ' the carbon atoms 
ire muted in a single chain.' It will be seen that the diffep- 
ace, at first 37^ between the boiling-point of the homologous 
lams in this series decreases regularly by about 4** ; there is 
loson to believe that after octane the difference becomes a 
constant one of 19**, since the boiling-points of dodecane and 
ladecane^ the only two members of the series after octane 
lidi which we are well acquainted, are in agreement with 
tins assumption. Doubtless similar relations obtain between 
the boiling-points of the homologues in the second, third, 
ad fourth series. Thus in the second division, each addi- 
tion of CHj to the formula corresponds to a rise of about 
31** in boiling-point ; in the third, there is a mean difference 
of about 25° ; whilst in the fourth, the difference would 
seem to be much greater, viz., about 38°. Our knowledge 
of the paraffins of these three series is, however, extremely 
deficient, and probably but few of the boiling-points quoted 
are exact, since the observations have been made by various 
chemists using different instruments, and often very small 
quantities of substance. 

The normal paraSins are contained in petroleum oil and 
in the paraffin oils obtained by distilling coal, Boghead 
cannd, &c. They have also been obtained synthetically 
by the above-mentioned general methods of preparation : 
especially by the first general method from the normal 
primary and normal secondary monohydric alcohols, and 
by the fourth method by the action of sodium on a pure 
iodide, or mixture of two iodides (moniodoparaffins) derived 
from the normal primary monohydric alcohols of the 
CnHj^ + i.OH series.* 

> Having r^;ard to the formation of nonnal paraffins from both 
normal primary and normal secondary monohydric alcohols, it is a re- 
markable fact that the normal paraffins (pentane, hexane, and heptane, 
and probably their homolpgrues also) yield a mixture of two isomeric 
woDocblonnated derivatives when acted upon by chloime, Oiva ol 
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Some at least of the paraffins of the second series are 
present in petroleum oil, but our chief knowledge of this 
group has been derived from the study of the various mem- 
bers obtained by synthetic methods. 

In the preparation of the members of the third and fourth 
series, synthetic methods alone have been employed. 

In each homologous series a diminution in stability is 
observed as the boiling-point rises; the higher hydrocarbons 
exhibit, especially in their mono-haloid derivatives and 
corresponding alcohols, a gradually increasing tendency to 
split up into the corresponding olefine (CnH2n) and hydrogen, 
haloid acid, or water. In each isomeric series, however, the 
alteration in stability is in the contrary direction : the iso- 
meride of lower boiling-point being far more readily decom 
posed than that of higher boiling-point, and this behaviour 
is equally characteristic of the derivatives. 

As already stated, it appears that in each isomeric (hori- 
zontal) series, the normal paraffin possesses relatively the 
highest specific gravity and boiling-point Now Berthelot 
has pointed out that in the case of compounds of identical 
composition, but of different specific gravity and boiling- 
point, more heat is evolved in the formation of the com- 
pound of higher, than in the formation of the compound of 
lower specific gravity and boiling-point Thus, on com- 
bustion of 60 grammes of methylic formate, which boils 
at 33**, and at 15** has a specific gravity of -977, 252,000 
units of heat are evolved ; whereas on combustion of the 
same quantity of acetic acid, which has thesame composition, 
but the specific gravity 1*063 at 15**, and which boils at 117% 
only 210,000 heat-units are set free, showing that consider- 
ably less heat must be evolved in the formation of methylic 
formate than in the formation of the metameric body, acetic 
acid. 

Hence, although the necessary data for the calculation of 

which is convertible into the corresponding normal primaiy, the other 
Into the nonnal secondary monohydric akohoU 
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amount of lieat -evolved in the formation, or on combus- 
tion, of the isomeric paraffins have not yet been obtained, 
there is on this account reason to believe that more heat is 
evolved in the formation of the primary paraffin than in the 
fennation of either of the isomerides. This conclusion is 
strongly supported, "by the difference in chemical behaviour 
which the isomeric paraffins exhibit, inasmuch as it at once 
nfikes to explain the superior stability of the normal paraf- 
fins aad their deiivatives. 

The parafhns are for the most part an extremely inert 
icries of bodies ; they are not acted upon by sulphuric acid, 
HOT by cold concentrated nitric acid, but are oxidised by 
prolonged boiling with the latter acid. Other oxidising 
ag^ts have also little or no action on the paraffins in the 
cold ; on heating they slowly determine their conversion 
for tiie greater part into carbonic anhydride and water, 
"whilst at the same time relatively small quantities of acids 
of the CaH2n + i(C02H) and CnH2n(COaH)2 series are pro- 
daced. 

Methane (methylic hydride; marsh-gas; light carbu- 
retted hydrogen ; fire-damp), CH4. 

Occurrence, — i. As a product of the decomposition of 
oiganic substances out of contact with air. 2. In coal 
mines. 3. In volcano gases ; the gas of the mud volcano 
at Bulganak in the Crimea is nearly pure methane. 

Preparatum, — i. By passing carbonic disulphide vapour 
and hydric sulphide (or steam) over red-hot copper : 

CSa + 2SH2 + 4CU = CH4 + 4CuS. 

2. By the action of water on zindc methide : 

Zn(CH3)2 + 2OH2 = 2CH4 + ZnOaHa. 

3. By the action of nascent hydrogen on carbonic tetra- 
cbloride (CCI4), chloroform (CHCI3), or iodoform (CHI3) ; 

CCI4 -i- 4H, ^ CH^ + 4HCI 
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4. By heating a mixture of sodic acetate and soda-lime : 

CHjCOaNa + NaHO = CH4 + NaaCOg. 

The mixture of one part sodic acetate and two parts soda 
lime is carefully heated in a hard glass retort or tube, or copper 
flask, and the evolved gas passed through a solution of sodic 
hydrate and afterwards through concentrated sulphuric acid. 
The gas thus obtained is not pure methane, but contains traces 
of higher hydrocarbons, of acetone, &c.; in fact, pure methane 
is only obtained by method 2. 

5. By the destructive distillation of organic substances such as wood, 
coal, &c., but together with a variety of other hydrocarbons ; hence it 
is a constituent of coal-gas. 

Properties. — ^Methane is a colourless, odourless, inflam- 
mable, imcondensable gas, sparingly soluble in water, more 
soluble in alcohol ; it bums with a scarcely luminous flame, 
and a mixture of it with oxygen or air explodes violently 
on ignition. A mixture of methane and chlorine explodes 
on exposure to direct simlight, or on passing an electric 
spark through it--CH^ + 2Cl2 = C + 4HCI ; but in diffused 
light the action of chlorine gives rise to the formation of 
mono-, di-, tri-, and tetra-chloromethane, CH3CI, CH2CI2, 
CHCI3, CCI4. 

Ethane (ethylic hydride ; dimethyl), CaHg. 

Preparation, — i. By the action of water on zincic ethide : 

Zn(C2H5)j, + 2OH2 = 2C2H6 + Zn02H2. 

2. By the electrolysis of acetic acid : 

2CH3.CO2H = C2H6 + 2CO2 + Ha. 

The hydrogen is evolved at the negative pole, the ethane and 
carbonic anhydride together at the positive pole. Tfie apparatus 
is therefore so arranged that the gaseous products can be col- 
lected separately. The positive pole consists of a platinum plate 
suspended in a cylinder of porous earthenware, the open end 
of which is closed by a cork perforated by the pole wire affixed 
to the platinum plate and by a narrow glass tube ; the porous 
cylinder stands in a glass cell and is surrounded by a sheet of 
copper, serving as negative pole. Tb.e cylinder and glass cell are 
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filled with a solution of potassic acetate. The zinc terminal of a 
battery of 4 or 6 powerful Bunsen or Grove cells is then con- 
nected with the copper plate, and the carbon or platinum termi- 
nal with the platinum plate. The gas evolved in the porous cell 
is passed through a bulb apparatus containing potassic hydrate 
solution, to remove carbonic anhydride ; afterwards through 
fuming sulphuric acid, to free it from traces of ethylene ; then 
through potassic hydrate solution and concentrated sulphuric 
add, and is finally collected over mercury. 

Prcpaiits. — Ethane is a colourless, inodorous gas, 
scarcely soluble in water, but dissolved by alcohol to the 
extent of 1*22 of the volume of the latter (at 8-8°). It 
does not liquefy at —18°, or even under a pressure of 20 
atmospheres. By the action of chlorine in diffused light it 
is converted into chlorinated derivatives, C2H5CI, C2H4CI2, 
&C. Bromine ia. without action on it even in bright sun- 
light 

Propane, C3H6, may be obtained by the action of 
nascent hydrogen either on a-chloropropane (propylic 
chloride), CH3.CH2.CH2CI, or on /3-chloropropane (isopro- 
pylic chloride), CH3.CHCI.CH3 ; and also by the fourth, 
fifth, and sixth general methods of preparation. 

Tetrane, C4H,o. — As already stated, two modifications 
of this paraffin exist, viz. : — 

Normal Tetrane, or Diethyl, CH3.CH2.CH2.CH3.— .Pre- 
paration : — By general methods. A remarkable special 
method consists in exposing iodethane (ethylic iodide) over 
mercury to the influence of bright sunlight : 

2C2H5I + Hg = C4H,o + Hgl2. 

Normal tetrane boils at i®. 

Isopropylmethane, or Trimethyltnethane, CH3.CH(CH3). 
CH3, is obtained by the action of nascent hydrogen on the 
iodotetrane formed from trimethylcarbinol (tertiary butylic 
alcohol) : 

C(CHs),I + H, =r CH(CH3)3 i- HI. 

o 
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The boiling-point of this hydrocarbon is — 1 5 ^ 
Pentane, C6Hi2^ — The first of the three modifications of 
this hydrocarbon, normal pentane^ CH3.CH2.CH2.CH2.CH3, 
is obtained from petroleum oil ; the second, isopropylethane^ 
CH3.CH(CH3).CH2.CH3, is prepared by the action oJF 
nascent hydrogen on /3-iodopfentane prepared from fermenta- 
tion amylic alcohol, or by the action of sodium on a mixture 
of iodethane and /3-iodopropane (isopropylic iodide) : 

CH3.CH2I + CH3.CHI.CH3 + Nag = 2NaI + 
CH3.Cxi2.CH(Cxl3).Cxl3. 

Normal pentane boils at 38** ; isopropylethane at 30**. 

Tetramethylmeihane^ C(CH3)4, the third modification of 
pentane, has been obtained by the action of zincic methide 
on the iodotetrane formed from trimethylcarbinol ; 

.C(CH3)3l + Zn(CH3)2 = C(CH3)4 + ZnlGHg. 

It is a colourless liquid, which boils at 9^*5 and solidifies 
at —20° to a white crystalline mass. 

By oft-repeated fractional distillation, members of the 
paraffin series up to C15H32 have been isolated from petro- 
leum oil, which doubtless contains terms of a still higher 
order. Mixtures of the liquid hydrocarbons of the series- 
known in commerce as paraffin oil^ photogefie, solar oil, &c 
— are extensively used as illuminating agents, and the higher 
terms, which are of an oily or buttery consistency, for lubri- 
ca!ting machinery ; such mixtures are now largely manufao 
tured by destructive distillation of Boghead and cannel coal, 
lignite, asphalte, &c. 

Paraffin,— Th& white solid substance known under this 
name is probably a mixture of several members of the 
CnH2n4.2 series, in which the value of n has not been 
satisfactorily determined. It is produced, together with the; 
lower liquid terms of the series, by the destructive distillation 
of Boghead or cannel coal, &c The purification of the 
crude distillate is a matter of considerable difficulty, the fol- 
lowing being an outline of one of thepioc^s&es ^xa^loYed;— 
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The crude tar resulting from the first difitillation is separated 
from the- water produced simultaneously, and redistilled ; the 
distillate is then placed in large closed cast-iron vessels, and 
thoroughly agitated with a solution of sodic hydrate, in order 
to remove the acid substances which it contains. After stand- 
ing some time the oil is separated, washed with water, and 
then treated with concentrated sulphuric acid in the same 
manner, in order to free it from all basic substances, naphthalene, 
&c ; it is next separated from the acid, washed, first with water, 
then with weak soda-lye, then distilled, and the portion of the 
distillate which becomes solid on cooling collected apart This 
icrude pBoduct is 'placed in a centrifugal machine, whereby a 
quantity of thick oil is expressed ; then cast into cakes, and sub- 
jected to hydraulic pressure, first in the cold and afterwards at 
35^-40°, in order to remove all hydrocarbons melting below 40°. 
The pressed paraffin is next heated with a small quantity of 
concentrate sulphuric acid at 150°, whereby the hydrocarbons 
other than paraffins are carbonised, the paraffin remaining un- 
altered ; it is then carefully washed, dissolved in the oils of low 
boiling-point, the hot solution filtered through animal charcoal 
to remove colouring matter, and the volatile oil distilled off. 

Thus prepared, it is colourless and translucent, melting 
at 4o°-6o®, according to the source from which it is ob- 
tained ; it boils at about 370®. 

It has recently been shown ^ that when such paraffin is 
heated for some time to a high temperature under pressure, 
It is resolved into a complex mixture of liquid hydrocarbons^ 
members of the CnHan + 2 and CnHsn series. 

Heated for several days with a mixture of sulphuric acid 
and potassic dichromate solution, it is converted mainly into 
ceratic acid^ C27H54O2, whilst on oxidation with nitric acid 
it yields a mixture of solid and liquid fatty adds (acids of 
the CnH2n 1.CO2H or acetic series), together with succinic 
and, perhaps, anchoic acid. 

The minerals known as fossil wax, ozokerit, &c., found in 
Ihe coal measures, contain paraffins of high melting-point 

* Thorpe and Voang^ I^-oceedin^s of the Royal Society^ \o\. iol. ^. «^% 

GZ 



^4 Organic Chemistry. 



HALOID DERIVATIVES OF THE PARAFFINS. 

The paraffins are all acted upon by chlorine, and con-« 
verted into substitution-derivatives, more especially undef 
the influence of sunlight ; the presence of a small quantity 
of iodine also often facilitates the action of chlorine^ 
Bromine, in most cases, acts similarly, though less energe- 
tically. Iodine, so far as is knowm, has no direct action oii 
them. 

In the preparation of the mono-substitution derivatives 
higher substituted products are always formed simul- 
taneously, even when chlorine (or bromine) and the hydro- 
carbon are employed exactly in the proportions required by 
the equation : 

CnHgn + 2 + C^2 =^ ^^1120 + iCl + HCl. 

Thus, when a mixture of equal volumes of chlorine and 
methane is exposed to diffused light, together with CH3CI, 
more or less CH2CI2, CHCI3, and CCI4, according to the 
conditions of experiment, are always obtained; a certain 
quantity of methane, therefore, necessarily remains unat- 
tacked. On this account the pure mono-haloid derivatives 
are most conveniently prepared from the corresponding 
monohydric alcohols by the action of the haloid phosphorus 
compounds, or of the haloid acids, according to such 
general reactions as the following equations express : — 

3CnH2n^ l.OH -♦- PCI3 = 3C.H2n+ iCl + PH3O3. 
CnH2n+1.0H + HI = CnH2n+lI + OH2. 

Pure di-derivatives of the paraffins are obtained from 
the C„H2n series of hydrocarbons, which combine directly 
with the halogens, thus : 

CnH2n + Br 2 = CnH2nBr2. 

The compoimds so produced are sometimes identical, 

sometimes isomeric with those obtained by the direct action 

.of the halogens on the paraf&ns feota'w\adv.\hft ^iUftaes eui- 
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ployed are derived : thus, dichloretliane, CaH^Clj, from 
ethane, is isomeric with the body formed by the direct ad- 
i^tioD of chlorine to ethylene, CjH, ; but dichloropropane, 
CjHsCla, from propane, is identical with the body obtained 
by the direct combination of propylene, C^Hg, with chlorine. 
The higher haloid derivatives of the paraffins, excepting 
tliose derived from methane and ethane, have been little 
studied. 

As already stated, two isomeric mono-haloid derivatives 
are formed simultaneously by the action of chlorine on the 
normal primary paraffins (pentane, hexane, and heptane '), 
convertible respectively into a normal primary and a normal 
secondary monohydric alcohol ; the derivative yielding the 
former may be termed the a-derivative, and that yielding 
the latter the /S^lerivative.* In the following tables the 
boiling-points and specific gravities in the liquid state of the 
known a- and /3-monochloro-, monobromo-, and moniodo- 
derivafives of the first eight normal primary paraffins are 
pven: — 

Boiling-points. 



Fmnd. 


^^ 


P^krivL 


Fonnula 


^«iv. 


^^^eriv^. 


Fomida 


.^lerivi. 


^■itAn. 


CH,CI 


■c 




CHjBr 


13 


" 


CHJ 




o 




ii'S 




CHjBr 








72-5 




c,H,a 


46-^ 




CjH,Br 




hi 


C^H,! 




Bq-I 




77-5 


70 




loo'S 


905 




129 '5 




C,H„C1 106 5 




C,H„Bi 


129 




CjH,,! 


155*5 


HT5 






CjH„B. 






CflHi„r 


'79 '5 


167-5 






C,H,,Br 






C,HtJ 






C,Hi,Clii8o 


175 


C.H.,Br 


199 


- 


C„H„I 


221 i2.I 



' It appeals probable thut a.11 tbe bomologous normal primary 
taraffins froin propsjie inclusive upwards exhibit a simikr behaviour. 
The behaviour of their Isomerides with chlorine has been little studied 
" jet, but it may be expected that in many cases it will be found that 
isomeric derivatives are also formed simultaneously trom thcta. 

' Tbeaction ofcbJarine on these paraffins ia thus coTKpknws&MI ^» 
iW 1^ haloid acids tm the isomeric normal ptimaiY Koi BwracAari 
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Specific Gravities. 



Formula 


A-derivatives 


/derivatives 


CHsCl 


__ 


_^_ 


C2H5CI 


•920 at 0° 




CaH.Cl 


•915 „ 


'874 at \qP 


C4H9CI 


•907 „ 


•895 „ 


C5H11CI 


•901 „ 


•886 „ 


C6Hi3Cl 


— 


— - 


CHaBr 




._ 


CaHjBr 


I '47 at o«* 


— 


CaHrBr 


1-35 „ 16 


1-32 at 13 


C^HoBr 


i -30 ,. 


1-24 „ 


CgHjiBr 


1*22 ,, 20 


I -21 ,, 16 


CgHjaBr 




— 


CH3I 


2-19 at 


— 


C,H5l 


I 97 „ 


— 


CsH,! 


176 „ i6 


1*70 at 15 


C,H,I 


164 „ ^ 


1-63 „ 


C.HiJ 


154 „ 


I -46,, 


C,H, I 


I -41 *> 17 


144 „ 



Inspection of these tables shows that the relations be- 
tween the isomeric mono-haloid derivatives of the paraffins 
are of the same nature as those observed to exist between 
the isomeric paraffins. The a-derivative has a higher boil- 
ing-point and in most (probably in all) cases also a higher 
specific gravity than the corresponding j3-derivative ; and it 
will be noticed (more especially in the case of the iodo- 
derivatives) that the difference in boiling-point between every 
two successive homologues diminishes steadily as the series 
is ascended. It appears probable ^ that when the difference 
has sunk to about 19° it becomes constant 

alcohols, which )aeld mono-haloid derivatives — isomeric among them- 
^Ives, but convertible by the action of nascent hydrogen into the same 
nonnal primary paraffin. 
' iScborJenmier, Memoirs of the Manchester Philosophical Society], 
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Only tWG monochloro- (bromo^ and iodo-) derivatives of 
"propane are known, but a far greater number of mono- 
haloid derivatives of the homologous paraffins are obtain- 
able : thus, for example, four isomeric moniodotetranes are 
known. In the case of all such isomeric derivatives, how- 
ever, the relations are pf precisely the same character ak 
above indicated for the a- and /3- derivatives : the com- 
pounds of highest and lowest boiling-point in each isomeric 
series possess respectively the highest and lowest specific 
gravity, the boiling-points and specific gravities of the inter- 
mediate compounds being similarly related. But it is a 
most noteworthy circumstance, illustrating clearly the corre- 
lation which undoubtedly exists between the physical and 
chemical properties of compounds, that as the boiling-point 
and specific gravity of the successive terms in the isomeric 
series fall, so does the stability appear to diminish, for 
whereas the members of lowest boiling-point are split up 
with coHEiparative ease (even by a moderate degree of heat 
alone in some cases) into the olefine and haloid acid, thus :, 

those of highest boiling-point (the a-derivatives) undergo 
this decomposition far less readily ; and apparently also in 
reactions of double decomposition the haloid derivatives of 
high boiling-point enter into reaction less readily than their 
isomerides of lower boiling-point : a higher temperature, or 
more prolonged contact between the substances, being 
usually required to eflfect the chemical change. 

In the following several of the more important haloid deri- 
vatives of the paraffin methane are specially described : — 

Monochloromethane {Methylic Chloride), CH3CI. — This 
compound is the first product of the action of chlorine on 
methane in diffiised light, but it is best prepared by saturat- 
ing well-cooled methylic alcohol (CH3.OH) with hydrochloric 
acid gas ; on- gently heating the product chloromethane is 
cwc\\t6. 2LS a colourless gas. 
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Dichloromdhane {Methylene Chloride) , CH2CI,. — ^This is the 
first product of the action of chlorine in sunshine on mono- 
chloromethane. It is a colourless liquid of sp. gr. 1*36, 
boiling at 4o°-42°. 

Trichlorotnethane {Chloroform)^ CHCI3. — ^Though it maybe 
obtained by the action of chlorine on methane, chloroform 
is never prepared on the large scale by that method, but by 
the action of the so-called bleaching powder (chloride of 
lime) on alcohoL 

Preparation, — About 80 lbs. of the strongest chloride of 
lime are introduced, together with about 8 lbs. of slaked lime 
and 7.7. gallons of water, at a temperature of 8o°-9o°, into a 
wooden cask or large leaden vessel; the whole having been 
thoroughly mixed, 2 lbs. of alcohol are poured in. The heat 
evolved in the reaction is usually sufficient to cause the chloro- 
form to distil over after a short time, but if not, a current of 
steam is passed into the vessel. The precise reaction which 
occurs in this process is not known. 

Chloroform is also obtained by the action of alkalies on 
chloral and several other highly-chlorinated compounds : 

C2HCI3O + NaOH = CHCla + CHNaOa- 

Chloral Chloroform. Sodic formate. 

* 

It is a colourless, mobile liquid, of peculiarly sweet taste 
and smell ; sp. gr. 1-5 ; boiling-point 62°. It is largely 
employed as an anaesthetic, but is also a very valuable 
solvent When heated with concentrated nitric acid for 
some time at 100° it is converted into chloropit^rin (nitro- 
trichloromethane) C(N02)Cl3 : 

CHCI3 + HNO3 = C(N02)Cl8 + OH2. 

Chloropicrin is also a constant product of the action of 
bleaching powder on organic nitro-compounds, and is most 
readily obtained by distilling trinitrophenol with that sub- 
stance and water. It is a colourless, mobile, heavy liquid 
(sp. gr. 1*66), which boils at 112°. It has a most powerful 
and irritating odour, mere traces of its vapour exciting a 
copious How of tears. 
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Trmdomdhane {jrodqfof^tn\ CHI3, is a product of the action 
ofiodme, in presence of potassic hydrate, on various organic 
substances, such as alcoliol, acetone, sugar, &c. It crystal- 
lises in pale yellow six.- sided plates, easily soluble in alcohol 
andfither. It is converted into cyanoform (tricyanomethane) 
by heating with mercuric cyanide : 

2CHI3 + sHgCCN)^ = 2CH(CN)3 + sHgla. 

The cyanoform, liow^ever, enters into combination with 
tbe mercuric iodide, and cannot be. separated therefrom 
ondianged without difficulty. 

Tdrachloramethane (^Carbonic Tetrachloride)^ CCI4. — ^This 
body may be obtained by the action of chlorine in 
santight on chloroform, but it is most easily prepared by 
passii^ a current of dry chlorine into gently-heated carbonic 
disulphide, to which a small quantity of iodine or antimonic 
pentachloride has previously been added : 

CCI4 + 3CI2 = S2CI2 + CCI4. 
It is a colourless, heavy, mobile liquid, much resembling 
chloroform, and, like it, possesses anaesthetic properties ; 
sp. gr. 1-6 ; boiling-point 78®. By the action of nascent 
hydrogen (from sodium amalgam and water), tetrachloro- 
methane may successively be reduced totri-, di-, and mono- 
diloromethane, and finally to methane itself. 

NITRO-DERIVATIVES OP THE PARAFFINS. 

These derivatives cannot be obtained by the direct action 
of nitric acid on the lower paraffins, but are readily pre- 
pared by the action of their moniodo-derivatives on argen- 
tic nitrite. It is said, however, that the higher terms of tfie 
series are acted upon by nitric acid, and converted into 
nitro-derivatives, octane, for example, yielding nitro-ociane^ 
CgHi7(N02), but this requires confirmation. 

Nitronuthane^ CH3(N02). — lodomethane (methylic iodide) 
reacts with great violence on argentic nitrite, and is en- 
tirely converted into nitromethane : 

CHj^I + AgNOs = Agl + CHaNO^. 
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Nitromethane is also obtained by the action of potassic 
nitrite on monochloracetic acid. In this case, probably, a 
mononitroacetic acid is first formed, but at once decomposed 
into carbonic anhydride and nitromethane : 

CH2CI.CO2H + KNO2 = KCl + CH2(N02).C02H ; 

CH2(N02).C02H = CO2 + CH3NO2. 

Nitromethane is a heavy, oily liquid of peculiar odour, 
tvhich boils at 99° ; the metameric compound, methylic 
liitrite,^ boils at — 12°. If mi^ed with an alcoholic solution 
of sodic hydrate, it is converted into a white crystalline 
j^odium-derivative of the forinula CH2NaN02. Chlorine 
has no action on it even in bright sunlight, but if distilled 
with chloride of lime it is converted into chloronitroniethanej 
CH2CINO2, a heavy liquid, closely resembling chloropicnn 
in odour. Nkroethaiu^ C2H5NO2, is obtained by the action 
of iodethane (ethylic iodide) on argentic nitrite, but at thef 
same time a quantity of the metameric ethylic nitrite (b.p. 
i6®) is produced. It is a colourless, highly-refractive liquid, 
insoluble in water, boiling at iii°-ii3*'. By the action of 
sodium, or of an alcoholic solution of sodic hydrate, it is 
converted into C2H4NaN02; 

-By the action of nascent hydrogen nitroethane is con- 
verted into amidoethane (ethylamine) : 

C2H5NO2 + 3H2 = C2H5NH2 + 2OH2, 
identical with the product of the action of ammonia on 
iodethane : 

C2H5I + NH3 = HI + C2H5NH2. 
Nitro-derivatives of several of the higher paraffins haveJ 
been obtained by similar means. 

V CYANO-DERIVATIVES OF THE PARAFFINS. 

When iodethane and potassic cyanide are heated together, 
double decomposition occurs (QHgl + KCN = KI + 
CjHg.GN), but the product is a mixture of two liquid sub- 

' Obtained by the action of nitrous acid.on nketliYUc alcohol. 
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stances of like composition, possessing totally distinct pro- 
perties, however ; the one of which has a slight alliaceous 
odour and. bdils'^at 88*5*^, whilst the othei: has a most 
intolexable odqur and boils at 78°-79°. 

A similar result is obtained when argentic cyanide is 
employed, but the product then consists in the main of the 
compound of lower boiling-point : in the first place, a double 
compound of argentic cyanide with the cyano-derivative i^ 
formed, thus : 

QHfil + 2AgCN = Agl + C,H5(CN),AgCN, 

from which the latter may be liberated by distillation with 0, 
strong aqueous solution of potassic cyanide : 

Cja5(CN),AgCN + KCN = C^Hg-CN + KCN,AgCN. 

Also by distilling a dry mixture of potassic cyanide (or ferro- 
cjranide). with potassic ethylic sulphate (potassic sulpho- 
vin^te) a mixed ptoduct is obtained, but in this case the 
derivative of higher boiling-point constitutes the major 
portion: 

C,H5.KS04 + KCN = C,H.vCN + K^04- 

Again, it will be remembered that when trichloroniethane 
acts upon ammonia in presence of potassic hydrate (p. 60), 
hydrocyanic acid is formed ; if, in place of ammonia, a 
.primary amine (/>. a compound derived from ammonia by 
the replacement of H by a monad radicle) of the 
CnHjn + j.HgN series be taken, a compound is obtained 
bearing to hydrocyanic acid the same relation that the 
anline bears to amrhonia. Thus, in the case of ethylamine 
^amidoethane) the following reaction occurs : 

CH5.H,N -h CHCI3 -f- 3KHO=C,H5.CN -h 3KCI + 3OH2. 

The product of this rea^^on consists wholly of the cyan- 
ethane of lower boiling-point. 

Finally, the cyanethane of higher boiling-point may be 
obtained in the pare state by distillation of iVve addi axca'^'i 



92 Organic Chemistry, 

of propionic acid (propionamide) with phosphoric anhy- 
dride : 

C,H5.C0(NH,) - OH, = C,H5.CN. 

All these methods may be generalised, and thus a homo- 
logous series of compounds produced bearing to methane 
and its homologues the same relations that the two cyano- 
derivatives of ethane bear to ethane. The derivatives of 
higher boiling-point are usually termed alcoholic cyanides 
or nitriles : thus, ethylic cyanide is also called propionitrile, 
in allusion to its formation from propionic acid; those of 
lower boiling-point are known as alcoholic isocyanides or 
carbamines, on account of their relation to the amines. 

The nitriles are ultimately converted on heating with 
water into the acid of the acetic series containing the same 
number of units of carbon and ammonia, thus : 

CnH,, ^ i.CN + 2OH, = C^n^ ^ i.CO,H + NH3. 

An intermediate product may be obtained, however, viz., 
the acid amide containing the same number of units of 
carbon.: 

Cn^fa + I.CN + OH, = C^H,^ + i.CO(NH,). 

The decomposition is greatly facilitated by the addition 
either of a mineral acid (HCl or H,S04), or oi^Xi alkali. 

The carbamines are converted by the action of water into 
formic acid and an amine containing one unit of carbon less 
than the carbamine : 

C,H„ ^ i.NC + 2OH, = HCO,H + CnH,„ ^ i.H,N. 

This reaction takes place slowly when pure water, or an 
alkaline solution, is employed, but is very rapidly effected 
in presence of a mineral acid. An intermediate product is 
also obtained from the carbamines, viz., the substituted acid 
amide of formic acid ; 

CnH^ ^ i.NC -f OH, = HCO(C^H,^^ ,.HN), 
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In virtue of these decompositions, the two classes of 
cyanides are represented by the following rational formulae : 

Nitriles. Carbanunes. 

Hence, according to the definition given on p. 29, the two 
series are metameric.^ 

The carbamines possess pungent, nauseous odours, and are 
h^hly poisonous ; they invariably boil at lower temperatures 
tiian the nitriles, and their chemical activity is also far 
greater : thus, they combine immediately, with great evolu- 
tion of heat, with the haloid acids and the inorganic oxacids ; 
Aey combine readily with the moniodo-derivatives of the 
paraffins ; they react most violently with argentic and 
mercuric oxide, and are converted into cyanates (carbi- 
mides) : CJl^^ ,.NC+HgO = QH^ + i-NCO + Hg. The 
nitriles, on the other hand, apparently are not poisonous, 
and their odomrs are not impleasant ; they unite far less 
readily than the carbamines with the haloid acids, and not 
at all with the inorganic oxacids or moniodo-paraffins ; and 
they are not oxidised on treatment with AgjO or HgO. 
The carbamines undergo change when heated in closed 
vessels above their boiling-points, but the nature of the 
products has not yet been satisfactorily ascertained ; there 
is little doubt, however, that a portion of the carbamine is 
converted into the corresponding nitrile. 

CftHanj OR OLEFINE SERIES OF HYDROCARBONS. 

The same general relations exist among the members 
of this series as among the paraffins. The chemical be- 

« Eadi of these metameric series, however, includes isomerides ; 
thus, for example, the a-cyanopropane (a-propionitrile) and a-isocyano- 
propane (a-propylic carbamine) obtamed by the agency of o-iodopropane 
tpropylic iodide), C3H7I, are isomeric respectively with the ^-cyano- 
propane and jB-isocyanopropane yielded by j3-iodopropane (isopropylic 
iodide)/ 
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haviour of the first member of the series, ethylene, C^H^, ^ 
has alone been studied with any considerable degree Of , 
thoroughness. The following defines have been obtained : — 



NUM 


Fonuu,, 


B.P. 1 


n™. 


Formula 


B.P. 


Ethylene 


C,H. 


^ 


Octylene 


CsM.« 


lla 


Propylene 


C,H« 




Nonjlene 


C„H,„ 


140 










CioHjo 




Isobfltyleae 




-6 


Triamylene 


C„H„ 


240-^50 




C.H,„ 


3^-39 1 


Cetene 




275 


Amylene 




3S 






390-400 


Hexylene 


C,H„ 




Cerotene 






Heptylene 


C,H. 


96 


Meleae 




375 (?) 



General Methods of Preparation. — i. By the action of 
potassic hydrate in aqiieous or alcoholic solution on the 
mono-haloid derivatives of the parafiins, e.g. : 

C„Hj,»,I + KHO =C.Hj, + KI + OHj. 

2. By the abstraction of the elements of water from the 
monohydric alcohols of the CnHja+i.OH series of alcohols, 
by the action of sulphuric add, phosphoric anhydride, or 
zincic chloride : 

CnHj, + ,.0H = QHjB + OHj. 

3. By the electrolysis of the acids of the C„Hao(C02H), 
series : 

C.Hs„(COaH)s = C^H^ta + 2CO, + H^ . 

4. By the action of sodium on a mixture of a moniodo* 

paraffin with a moniodo-olefine : 

C„Ha.^.|I + C„Ha,^.iI + Na^ « 2NaI + Cs.H(„. 

5. By the action of the sodium ot^ano-metallic com- 
pounds of the C„Hjn + iNa series on the moniodo-parafiins : 

Q,Hj„*,Na + QHj„,iI -Nal + C„Hj,„^, + C^H^ 
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6. By "the acrion of heat on the. organic analogues of 
ammonicf hydrate, of the general formula N.(CnH2n+ i)4.0H; 

N(C,H^^i);.OH = N{C,ir2n^i)i+C^H2„+OH2; , 

and in many cases of. destructive distillation. 

Gaieral. Reactions, — i. The olefines unite directly with 
the haloid ^cids (most readily with hydriodic acid), forming 
mono-haloid substitution-derivatives of the paraffins, e.g. : 

CaH2n + HI ^ CnH2n+ jl. 

2. All olefines combine directly with chlorine and 
bromine, some with iodine \ and also with iodine and bro- 
mine chlorides, ICl and BrCl, and give rise to the forma- 
tion of di-haloid substitution derivatives of the paraffins, 

CnHjjn + CI2 = CnH2nd2 ; CnH2n + Br2 ^ CnH2aBr2. 

These di-derivatives may be converted into mono-haloid 
substitution-derivatives of the olefines by the action of an 
alcoholic solution of potassic hydrate, thus : 

C„H2nCl2 + KHO = CnHan. iCl + KCl -h OH2. 

The mono-substituted olefines so produced com^bine 
direcdy with chlorine or bromine to form trichlorinated, 
or tribrominated paraffins, from which dichlorinated, or 
dibrominated olefines may be obtained by treatment with 
potassic hydrate, e.g. ; 

CnH2n— iCl + CI2 = CnH2n_ 1CI3. 

QHan-iCla + KHO= C,H2„-2Cl2 + KCl -f- OHj. 

By repeating these two operations olefines may be pro- 
duced in which the whole of the hydrogen is replaced by 
chlorine or bromine ; these compounds also combine directly 
with: chlorine or bromine, forming * per-substituted ' paraf- 
fins. In this manner, for example, the following series of" 
\iXQiamsited deiivatives have been obtained from ^lOajVeiifc \ — 
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Ethylene . C2H4 

Bromethylene C2H3Br 

Dibromethylene C2H2Br2 

Tribromethylene .•..*. C2HBr3 

Tetrabromethylene €2614 

Ethylene dibromide (a-Dibromethane) . . C2H4Br2 
Bromethylene dibromide (a-Tribromethane) . C2H3Br3 
Dibromethylene dibromide (a-Tetrabromethane) . C2H2Br4 
Tribromethylene dibromide (Pentabromethane) . C2HBr5 
Tetrabromethylene dibromide (Hexabromethane) C2Br6 

3. The olefines combine with hypochlorous acid, forming 
monochlorinated monohydric alcohols, convertible into the 
corresponding alcohols by the action of nascent hydrogen : 

QH2„ + ClOH = CnHanCLOH 
CnHanCLOH + Ha = C,H2,^.i.0H + HCL 

4. The olefines also imite directly with sulphuric acid to 
form * acid ethereal salts ' ; these are converted, on distilla- 
tion with water, into sulphuric acid and the monohydric 
alcohol containing the same number of unit-weights of car- 
bon as the olefine : 

CnH2n + SO4H2 = S04H.CnH2n + 1 

S04H.CnH2n + I + OH2 = SO4H2 + CnH2n + i.OH. 

The olefines do not combine directly with nascent hydro- 
gen under ordinary conditions to reproduce the correspond- 
ing paraffins, but by heating ethylene iodide (diiodethane) 
with water in hermetically closed tubes for some hours at 
275°, it is partially converted into ethane. The formation 
of ethane is in this case due to the action of the hydrogen 
set free by the decomposition of a. portion of the diiode- 
thane, on the remaining portion of the latter, as expressed 
by the following equations : — 

a. C2H4I2 + 4OH2 = 6H2 + 2CO2 + I2 ; 

b, C2H4I2 4* H2 = C2Hg -t- l2* 

ora -h A rCgHJ^ + 40H^ ^ 6C^H^- + zCO^ + 7lj. 
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Ethylene {Ethene\ C2H4. — Preparation, — i. By the 
action of nascent hydrogen on acetylene : 

CaHji + H2 = C2H4. 

Acetylene is the only hydrocarbon which can be obtained 
by Ae direct union of its elements ; and since ethylene may 
be readily converted into ordinary alcohol (see 4th general 
reaction)^ peculiar interest attaches to this mode of formation 
of ethylene, as it is thus possible, by a connected series of 
ample reactions, to build up alcohol from its constituent 
dements, carbon, hydrogen, and oxygen. 

2. Ethylene may be obtained by all of the above general 
methods, but is best prepared by the action of sulphuric 
idd on alcohol at a temperature of about 165° : — 

A mixture of three parts of water and ten parts of concen- 
trated sulphuric acid is heated in a flask to about 160^-165^ ; 
ordinary alcohol is then slowly dropped in, and the evolved gas 
passed through wash-'bottles containing respectively sodic hy- 
drate solution and concentrated sulphuric acid ; in the first it 
b freed from carbonic and sulphurous anhydrides, in the second 
from ether, alcohol, and water vapour carried over mechanically. 

The first reaction in this process consists in the formation 
of hydric ethylic sulphate (sulphovinic acid\ as expressed by 
the equation : 

C2H5.OH + SO4H2 = S04H,C2H5 + OH2 ; 

but at the temperature to which the mixture is heated this 
is a highly unstable compound, and is rapidly resolved into 
cth]4ene and sulphuric acid : 

SO4X1.C2H5 ^ SO4XI2 4" C2H4« 

If the temperature be so adjusted that the amount of 
water distilling over with the gas is about equal to the 
amoimt of water formed in the reaction, a relatively small 
quantity of acid suffices to convert a very considerable 
quantity of alcohoJ into ethylene and water. 

H 
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Properties, — Ethylene is a colourless, odourless gas, but 
is condensable, under the combined influence of pressure 
and extreme cold, to a liquid. It is almost insoluble in 
water. It bums with a bright white flame. Ethylene is 
decomposed into carbon and methane by passing through a 
red-hot tube: C2H4 = CH4 + C; at a somewhat lower tem- 
peratmre, acetylene (C2H2) and hydrogen are the products. 
a-Dichiarethane (Ethylene Chloride; Dutch Liquid), C2H4CI2. 
Ethylene and chlorine combine directly and with moderate 
rapidity in diffused daylight in the proportion of equal 
volumes. If. the mixture be exposed to bright sunlight, 
substitution-derivatives of a-dichlorethane are also produced. 
Ethylene chloride is a colourless liquid of agreeable ethereal 
odour; sp. gr. 1*256 at 12°. It boils at 84° and is isomeric 
with the /3-dichlorethane obtained by the action of chlorine 
on monochlorethane (ethylic chloride) ; this modification, 
which is commonly known as ethylidene chloride, boils at 
60°; its sp. gr. is I '174 at 17°. Both, however, yield the 
same monochlorethylene (vinylic chloride), C2H3CI, on 
treatment with an alcoholic solution of potassic hydrate. 
Monochlorethylene is gaseous at ordinary temperatures, but 
may be condensed to a liquid, which boils at — 18° ; it com- 
bines with chlorine forming a-trichlorethane. 

The mono- and di-derivative obtained by the action of 
chlorine on ethylene chloride are respectively isomeric 
with the mono- and di-chlorinated derivative of ethylidene 
chloride, but identical penta- and hexa-chlorethanes are 
obtained from ethylene and ethylidene chlorides. The 
following list comprises the known chlorinated derivatives 
of ethane:— 

Monochlorethane (Ethylic chloride). 
Grl3.Gxl2Cl 
B.P. I2'5^ 

a-Dichloretfaane ^-DichIorethane 

(Ethylene chloride). (Ethylidene chlorideX 

CH,C1.CH,C1 CHvCHCl, 

B.P. 84°; s.a. I -256 at la". b.v. sts" > ^^- v^n*. "S- vf ♦ 
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■pTrichlorethaiie 0-Trichlor«thaiic 

CHjCLCHCl, CH3.CCI8 

B.P. lis** i S.G. 1-422 at I;"*. B.P. 75"* ; s.g. 1-372 at o^ 

*>Tetradilorethane. 0-Tetrachlorethane. 

CHClj-CHCl, CH,Cl.CCl3 

ap. 147**; S.G. 1-614 at o**. B.P. 127-5** 'y S.G.? 

Pfentadilorethane. Hexachlorethane. 

CHCl^CCla CCla-CCla 

B.P. 158^ Melts at 226**; B.P. 331^ 

a-Dibrometkane {Ethylene Bromide), C2H4Br2. — On pass- 
ing ethylene into liquid bromine it is at once absorbed, with 
consideiable evolution of heat. Pure a-dibromethane thus 
prepared is a colourless liquid of ethereal odour, boiling 
at 129** ; treatment with an alcoholic solution of potassic 
hydrate converts it into bromethylene, CgHaBr, which is 
gaseous at ordinary temperatures, but is readily condensed by 
a refrigerating mixture of ice and salt to a colourless liquid. 
^-Dibromethane {Ethylidene Bromide)^ which boils at iio°- 
II 2®, is obtained by heating monobromethane with bromine, 
or by treatment of aldehyde with phosphorus pentabromide : 

CH3.COH H- PBrg = CHa-CHBr, + POBrj. 

Both monochlor- and monobrom-ethylene undergo a re- 
markable spontaneous change when preserved in the liquid 
state, and are converted into white, solid, amorphous poly- 
merides. 

Duodethane (Ethylene Iodide\ C^J^t, is obtained on 
passing ethylene into a pasty mixture of iodine with absolute 
alcohoL It is a white crystalline substance. 

Propylene {Propene\ CaHe- — A remarkable special 
method of preparation may be here referred to, namely, the 
formation of propylene by passing a mixture of methane and 
carbonic oxide through a red-hot tube : 

2CH^ + CO=z QHe + OHj. 
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BuTYLjiNE, C4Hg, is obtained by the action of potassic 
hydrate on y-iodotetrane from secondary butylic alcohol ; it 
is probably identical with mdhylallyl^ prepared by the 
action of sodium on a mixture of methylic with allylic iodide. 

IsoBUTYLENE, C4Hg, is obtained by dehydration of fer- 
mentation butylic alcohol, or its isomeride trimethylcarbinols 
or by the action of an alcoholic solution of potassic hydrate 
on /3- and 3-iodotetiane prepared from these alcohols. 

Amylene {Fmtme), C5H10. — This olefine is usually pre- 
pared by heating an aqueous solution of zincic chloride with 
an equal volume of amylic alcohol (from fusel oil) for some 
time at 130° ; the product is distilled off on the water-bath, 
dried over potassic hydrate, and purified by rectification. 

Amylene is a colourless, very mobile liquid, of faint, un- 
pleasant odour, boiling at about 35°. 

Diamylene {Decmi)y CioHgo.— One of the most note- 
^•ofthy circumstances in connection with the higher olefines 
is the facility with which these hydrocarbons undergo poly- 
merisation. Thus if concentrated sulphuric acid be slowly 
added to amylene, the two liquids at first mix perfectly, and 
sufficient heat is evolved to cause ebullition ; after some 
time, however, the mixture separates into two layers, the upper 
of which consists almost entirely of diamylene, C10H20. 

Doubtless the heat evolved on the combination of a 
portion of the amylene with sulphuric acid is the active 
cause of the conversion of another portion of the amylene 
into diamylene ; this change, however, is also attended by 
an evolution of heat, by which the polymerisation of a further 
quantity of amylene is induced, and the compound of 
amylene and sulphuric acid first formed again broken up 
into its constituents, so that finally almost the whole of the 
sulphuric acid originally employed is obtained as such, mere 
traces remaining combined with amylene, the latter being 
for the greater part converted into diamylene. 

TriajMjlene, C15H.no, and tetramylene, C20H40, have also 
ht^n ohtBintdi by the action ot svyV^Yvmc ^vjdd on amylene. 
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C,H2n-25 OR ACETYLENE SERIES OF HYDROCARBONS. 

The following ^e members of this group : — 

Acetylene C2H2 

Allylene 
Crotonylene * 
Valerylene 



Propylacetylene 
DiaUyl . 
Rutylene 



C3H4 

C4H6 
CsHg 

^10^18 



Isomeric modifications of several of these are known. 

Preparation. — Two general methods are employed. The 
fiist of these consists in acting upon a mono-haloid deriva- 
tive of an olefine with an alcoholic solution of potassic 
hydrate : 

C;H2,_,Br + KHO = QHsn.a + KBr + OH2. 

The second method of preparation is the electrolysis of 
the acids of the CnH2n_ 2(C02H)2, or maleic series : 

CnH2n _ 2(C'02H)2 ^ CnH2n_2 + 2CO2 + H2. 

GaiercU Reactions, — The hydrocarbons of the acetyiene 
series all combine directly with the halogens, and yield with 
bromine, for example, either saturated compounds of the 
form CnH2n_2Br4 (tetra-bromiuated paraffins), or inter- 
mediate compounds of the form CnH2n_ 'i^'^^ (di-brominated 
olefines). They also unite directly in two proportions with 
the haloid acids, to form either mono-substituted olefines, 
or di-subsrituted paraffins, e.g. : 

CnH2n_2 + HBr = CnH2n-. iBr j 
CnH2n_2 + 2HBr ^ CnH2nBr2. 

Especially characteristic of many of the hydrocarbons of 
tbis series is the formation of metallic substitution-derivatives ; 
thus if acetylene be passed into an ammoniacal solution of 
caprous chloride, a red-brown precipitate, said to Y\aN^ ^'^ 
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composition C4H2CU2 + CU2O,* is obtained; the corre- 
sponding argentic compound is produced if an ammoniacal 
solution of argentic nitrate be employed. All the members 
of the series do not yield such products, however j thus several 
isomeric allylenes are known (see citraconic acid), one of 
which yields a white crystalline argentic derivative, CaHgAg, 
and corresponding copper and mercury compounds, but the 
others are incapable of furnishing metallic derivatives. These 
derivatives are readily decomposed by hydrochloric acid, 
with re-formation of the hydrocarbon and metallic chloride. 
Acetylene, C2H2. Preparation, — i. The direct formation 
of acetylene from its elements may be eflfected by passing 
hydrogen over intensely-heated carbon. The electric arc 
from a powerful voltaic battery is caused to pass between 
poles of hard carbon arranged in a glass globe, through 
which a current of hydrogen is transmitted, and the issuing 
gas is washed by an ammoniacal solution of cuprous chloride. 
By no other means is it possible to raise the temperature of 
the carbon sufficiently high to efifect the combination. 

2. By the action of an alcoholic solution of potassic 
hydrate on bromethylene, C2H3Br. 

3. By the electrolysis of fumaric and maleic acids : 

C2H2(C02H)2 = C2H2 -f- 2CO2 + H2. 

• 

4. By passing a mixture of methane and carbonic oxide 
through a red-hot tube : CH4 -|- CO = C2H2 + OH2. 

5. By passing trichloromethane vapour over ignited 
copper : 2CHCI3 + 6Cu = 3CU2CI2 + CgHj. 

6. By passing induction-sparks through methane ; by the 
action of heat on ethylene, or the vapours of alcohol, ether, 
&c. ; by the incomplete combustion of bodies containing 
carbon and hydrogen ; in fact, acetylene is a constant pro- 

* It appears not improbable that the true composition of this com- 
pound is represented by the formula 2C2(Cu)**, + OHj ; i.e., that it 
majr be regarded as acetylene, in which the whole of the hydrogen is 
replaced by copper. 
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doct of the decomposition by heat, or incomplete combustion, 
of most organic compounds. 

To purify the crude acetylene obtained by any of these 
methods it is passed into an ammoniacal solution of cu- 
prous chloride, whereby the characteristic red precipitate 
of cuprous acetylide is produced ; the liquid containing the 
piedpitate is next heated to boiling, in order to decompose 
a derivative which ethylene forms with copper, and the pre- 
cipitate is then collected on a filter, washed, and dried over 
sulphuric acid in vacuo. Cuprous acetylide explodes readily 
by percussion, and also when heated slightly below 100® ; 
QQ boiling it with hydrochloric acid pure acetylene is evolved. 

Acetylene is a colourless, incondensable gas, moderately 
sduble in water ; it possesses a peculiar, unpleasant, highly 
diaracteristic odour, and burns with a luminous smoky flame. 

By the action of nascent hydrogen on cuprous acetylide 
ediylene is obtained. For this purpose the acetylide is 
mixed with zinc and dilute ammonia solution, and the 
mixture gently warmed. The hydrogen liberated by the 
action of the zinc on the ammonia, acting upon the copper 
compound, sets fi:ee acetylene, which, it may be supposed, 
at the moment of liberation imites with the nascent hydrogen 
to form ethylene. 

Acetylene unites with bromine to form acetylene di- 
bromide (dibromethylene), C2H2Br2, and acetylene tetra- 
bromide (tetrabromethane), C2H2Br4. The action of chlorine 
on acetylene is so violent that explosion with separation of 
carbon usually ensues on mixing the gases ; by the action 
of antimonic pentachloride, however, the two compounds, 
C2H2CI2 (acetylene dichloride,dichlorethylene), and C2H2CI4 
(acetylene tetrachloride, a-tetrachlorethane) are obtained. 

When passed through a red-hot tube, acetylene is partly 
converted into benzene : 3C2H2 = CeHe. At the same time 
a number of higher condensation-products are obtained. 
Similarly, by heating acetylene tetrachloride with water to 
360% h^iw^/tprt^^^isme is formed. In this case ^io\i^Vj> 
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the chloride is first resolved into hydrochloric acid and 
diphloracetylene, which at once undergoes condensation : 

C2H2CI4 = C2CI2 + 2HCI j 3C2CI2 = CgCle. 

DiALLYL (6b;//«<?), CeHiQ. Preparation, — i. By the action 
of sodium on allylic iodide : 

2C3H6I + Naa = CgHio + 2NaL 

Diallyl is a colourless liquid, boiling at 58°-59° ; it com- 
bines directly with bromine, iodine, nitric peroxide, the 
haloid acids, &c, to form the compounds : 

C6HioBr4 j C6H10I4 ; C6H,o(N02)4; C6H12I2 ; C6H12CI2. 

Intermediate compounds, suchasCgHuI = CeHjo + HI, 
may also be obtained. Diallyl is not known to yield metallic 
derivatives. 

RuTYLENE {Decine\ CiqHi^, obtained by the action of an 
alcoholic solution of potassic hydrate on diamylene bromide, 
CioH2oBr2, is a colourless liquid, boiling at about 150°. 

CnH2n - 4, OR TERPENE SERIES OF HYDROCARBONS. 

Only two members of this series have been prepared 
synthetically, viz. : 

Quintone or Valylene • . CgHg 
Decone • . • • • Cj^Qxiig. 

Valylene is obtained by the action of potassic hydrate on 
valerylene dibfomide, CsHgBra. It boils at about 60°; 
combines directly with bromine, forming a crj'stalline hex- 
bromide, CsHgBre ; and yields a precipitate of the com- 
position (C5H5)2Cu2, when mixed with an ammoniacal 
solution of cuprous chloride, from which the hydrocarbon 
is again obtained on treatment with hydrochloric acid. 

Decone is similarly prepared from rutylene dibromide, 

CioHjgBrg. It boils at 156°-! 60*^, has a strong odour of 

turpentine, absorbs oxygen on expo%>3;i^Xo^<^^^^jaraLbmes 
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irecdy with hydrochloric add, forming the compound 
^joHaaCl = 2CioH,6 + HCI, and is violently acted upon by 
dilorine, bromine, nitric acid, &c. It yields some tereph- 
tbalic acid on oxidation, and its discoverers are inclined to 
bdieve that it is identical with terebene from turpentine oil. 

Tfrpmes. — Certain volatile oils of the empirical composi- 
tion CsHg, generically called terpenes, which exist ready 
ibnned in plants chiefly of the coniferous and aurantiaceous 
(Rders, also belong to this series. 

One of the best known members of the group is ordinary 
turpentine oil^ which is contained in the wood, bark, leaves, 
and other parts of pines, firs, and other coniferse, but is 
usually extracted by distilling the oleo-resinous juice 
irfaich exudes from the bark of the trees either alone 
or with water. The group is especially remarkable on 
account of the very large number of isomeric hydrocarbons 
of the composition CioHi^, which it includes, obtained 
from the essential oils of various plants, scarcely any two of 
which appear, according to present knowledge, to contain 
identical bodies ; it is probable, however, that further in- 
vestigation will reduce the number of supposed isomeric 
compounds of this group, and prove many products, 
hitherto supposed pure, to be but mixtures. These 
isomeric terpenes differ generally in physical, more es- 
pecially in optical properties, but in many cases exhibit 
either no recognisable difference, or a very slight one only, 
in chemical behaviour. These hydrocarbons are especially 
characterised by the tendency which they exhibit to undergo 
change and to become converted into isomeric compounds, 
or into resin-like products. 

Terpenes have been obtained from the essential oils of 
lemon, sweet-orange, bergamot, lime, neroli, caraway, camo- 
mile, coriander, juniper, hop, parsley, wintergreen, cloves, 
thyme, valerian, copaiba, cubebs, &c In many cases these 
oils also contain oxidised bodies, such as are represented 
bytbefoim£/teCi^If,,0; CjoHigO; CioH^^O, Cv^H^A 
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These are doubtless closely related to the terpenes, but the 
nature of the relation is, in most casies, at present unknown. 

The oils are extracted from the plants yielding them in 
some few cases by pressiure, but usually by distilling the 
leaves or other parts with water, the oil being then carried 
over mechanically and condensed with the steam. The 
milky or turbid distillate obtained separates, when left at 
rest, into oil and water, the former floating at the top, or 
sinking to the bottom, according to its specific gravity. 

Most volatile essential oils are colourless when pure — 
those of camomile and wormwood are blue — ^and usually 
possess a pronounced characteristic odour ; they mix in all 
proportions with fat oils, and dissolve readily in alcohol and 
ether; when exposed to the air they frequently become 
altered by slow absorption of oxygen, and assume the cha- 
racter of resins. 

Nearly all the known terpenes have the composition 
represented by the formula CioHje ; several pol)rmeric 
with these, of the composition C20H32 — such are the oils of 
copaiba and cubebs — have been obtained. A third inter- 
mediate group of hydrocarbons of the form C15H24 may 
also be conveniently noticed in connection with the ter- 
penes, since they are closely related to them in properties 
and occur in plants of the same orders — the oils of patchouli 
and calamus contain members of this group— -although not 
by composition members of the CnH2n_4 series. 

The boiling-points of the isomeric members of the CioHie 
group range between 160° and 176°; they are colourless, 
mobile liquids, which are polymerised by the action of 
sulphuric acid, and combine \^ith hydrochloric acid to form 
weH-characterised compounds of the formula C10H17CI and 
CioHigClg. Those of the Ci6H24 group boil between 249° 
and 260° ; they are viscid, and of higher specific gravity and 
less soluble in aqueous alcohol than the preceding, and 
unite with proportionately less hydrochloric acid, forming 
compounds of the formula C 1 sH^sCl^i- The Ca^^Hj^ hydro- 
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carbons are very viscid, insoluble in aqueous alcohol, boil 
above 300**, and probably do not unite directly with hydro- 
Ghloric add. 

The cfaangeability of the terpenes under the influence of 
leagents will be evident from the following description of 
the behaviour of the so-called French and English turpentine 
oiis, which are the best studied members of the group. The 
fbnner is obtained from the French or Bordeaux turpentine 
eztiacted from Finns maritima \ the latter from the crude 
terpentine collected in the Southern States of America from 
Pmus australis and Pinus Tceda. The French oil consists 
mainly of terebenthme ; the English of atistraterebenthene \ 
ihich are obtained in the pure state from the commercial 
oils by neutralising with an alkaline carbonate and then care- 
&Dy distilling under reduced pressure. Terebenthene boils 
at 161®, and turns the plane of polarisation of a ray of light 
to the Uft ; austraterebenthene has the same specific gravity 
and boiling-point, but rotates the plane of polarisation to 
the right. Each of these combines with hydrochloric acid 
to form simultaneously two isomeric additive compounds of 
the formula CioHi^Cl, the one crystalline, the other liquid, 
corresponding respectively in their action on polarised light 
to the parent compounds. On treating these * hydrochlo- 
rides' with alkali, a liquid CioHje is reproduced, which 
usually, however, unless special precaution have been 
taken, is a mixture of isomeric hydrocarbons ; but on heat- 
ing the crystalline hydrochlorides* with potassic stearate 
two crystalline CioHig hydrocarbons are obtained — tere- 
camphene and austracamphene. These are identical in all 
respects but one, viz., whereas the former is strongly 
laevorotatory, the latter is dextrorotatory; they combine 
with hydrochloric acid, and each furnishes as sole product 
a solid hydrochloride, C10H17CI, which in the case of tere- 
camphene is dextrorotatory, and, moreover, to an exactly 

' The behaviour of the liquid hydrochlorides has not been so well 
studieti. 
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equal, though opposite extent, to the terebenthene hydro- :. 
chloride from which it is derived ; austracamphene hydro- :: 
chloride is Isevorotatory. From these hydrochlorides, un- : 
altered terecamphene and austracamphene respectively : 
may be readily separated by appropriate treatment On 
now heating tere- and austra-camphene hydrochlorides with .; 
sodic benzoate, one and the same body is obtained from both 
sources, namely, camphene^ CioH,6, a crystalline, optically 
inactive hydrocarbon, which forms a crystalline inactive 
hydrochloride, CioHiyCl. Finally, if camphene be treated 
with concentrated sulphuric acid it is partially converted 
into the isomeric terebcncy which is liquid, optically inactive, 
and forms a liquid hydrochloride, C20H33CL Terebene is 
the ultimate product of the action of energetic reagents on 
the terpenes, and may be easily obtained directly from tur- 
pentine oil by treating it with ^V of its weight of strong 
sulphuric acid. 

The terpenes are also modified by heat alone. Thus on 
exposing terebenthene or austraterebenthene to a tempera- 
ture of 250® for some hours, isomeric products of altered 
boiling-point and diminished action on the polarised ray are 
obtained, together with a polymeric body, C20H32 (colo- 
phene), boiling at about 360^ 

The most remarkable effect, however, is produced by 
gaseous boric fluoride, BF3. On adding an equal volume 
of this gas to terebenthene, confined in a glass tube over 
mercury, a great rise of temperature is observed, and the 
terebenthene is found, on examination, to be entirely con- 
verted into polymeric, optically inactive modifications, boiling 
above 300°. The explanation of this action is doubtless 
the same as in the case of the conversion of amylene into 
diamylene. The heat evolved by the combination of the 
boric fluoride with a small portion of the terebenthene 
induces the conversion of another portion of the latter into 
polymerides, whereby again heat is evolved, which in turn 
becomes instrumental in causing the polymerisation of a 
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finther quantity, with evolution of heat, until finally the 
txaDsformation of the whole is complete. 

Terebenthene is capable, imder certain conditions, of 
combining ndth water to form the following compounds : 

^lo^ioOa i CioHjgO; C20H34O ; 

Terpin. Terpentin hydrate. TerpinoL 

A oystalline hydrate of terpin is also known : C10H20O2 4- 
OH J. These compoimds obviously correspond to the hydro- 
dilorides above mentioned, namely, to 

C|o*Ii8^1«> ^10"17^1i C20H33CI j 

and may be r^arded as derived firom them by the substitu- 
tion of chlorine by hydroxyl (OH)', thus : 

C|oH,8(OH)2; CioHi7(OH) ] C2oH33(OH). 

In feet, terpin may be converted by the action of hydro- 
chloric acid, or phosphorus terchloride, into the correspond- 
ing chloride, CioH,8Cl2, identical with the product obtained 
by the direct action of hydrochloric acid on terebenthene : 

CioH,8(OH)2 + 2HCI = 2OH2 + CioHisCla. 

This behaviour renders it probable that the three bodies, 
terpin, terpentin hydrate, and terpinol, belong to the class 
of compounds known as alcohols. 

The action of bromine on terebenthene is excessively 
violent ; a dibromide may be obtained, however, by slowly 
adding the requisite quantity of bromine to the well-cooled 
oil, and also by the action of bromine on terpin : 

C10H20O2 + Br2 = 2OH2 + CioHj6Br2. 

On carefiilly heating the compound so formed with aniline it 
b resolved into hydrobromic acid and cymene : 

CoHieBra + 2C6H7N = 2C6H8NBr + CjoHu. 

Terebenthene dibromide. Aniline. Aniline hydrobromide. Cymene. 

Cjnnene has also been obtained by the decomposition by 
heat of the dibromides oi the terpenes contained in nutmegs 
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lemon, and orange-peel oils ; and since cymene is the fifth 
member of the CnH2n_6 series of hydrocarbons, the relation w 
of the terpenes to that series is thus directly established. It ] 
has recently been observed^ that cymene is precontained in ? 
ordinary turpentine and orange-peel oil (and probably in r 
other essential oils containing terpenes); obviously great : 
interest attaches to this observation from a physiological : 
point of view on account of the close relationship of : 
cymene and the terpenes. 

Oxidised Oils, — ^As already remarked, the true nature of 
the relation which these compounds bear to the terpenes 
is at present but little understood, and even the position 
which they hold in the series of carbon compounds has not 
yet been definitively established ; a brief reference to one or 
two of the more important may therefore suffice. 

The best known representative of the CioHjeO group 
is ordinary camphor, a crystalline body obtained fi:om Laurus 
camphora, and certain other plants, in which it exists ready 
formed. This camphor is dextrorotatory ; a second modi- 
fication which has a precisely equal action, but in the op- 
posite direction, on the polarised ray, is contained in the oil 
of feverfew (Matricaria parthenium) ; an optically inactive 
camphor is present in the essential oils of many labiate 
plants, such as lavender, rosemary, and sage. Camphor, or 
a body isomeric therewith, is said to have been produced in 
small quantity by oxidising terecamphene. 

On distillation of camphor with pentasulphide of phos- 
phorus, cymene is obtained in considerable quantity : 

SCioHieO + P2S5 = sCioHu + P2O5 + 5SH2. 

It is acted upon by phosphorus pentachloride, thus : 

CioHifiO + PCI5 = CioHieCla + POCI3. 

The compound CioHi6Cl2 is split up, on distillation, into 
cymene and hydrochloric acid. Camphor yields a variety 

^ Wright, Journal of the Chemical Society ^ vol. ad. pp. 549, 686. 



Camphor — BameoL 1 1 1 

of oxidation products when acted upon by nitric acid, the 
best known of which is a dibasic acid, camphoric acidy 
CioH|504. The acid from the dextrorotatory camphor is 
dextrorotatory, that from the Isevorotatory modification is 
laevorotatory ; the two acids, when mixed in equal pro- 
portions, yield optically inactive camphoric acid. 

Camphor is scarcely acted upon by chlorine, but combines 
with bromine, forming CioHigBrQO, which is split up on 
heating into hydrobromic acid and monobromocamphor. 

BorneoL — ^The best-known representative of the CjoHigO 
group is borneoly a crystalline substance found in cavities 
in the bark of Dryabctionops camphora, 2l tree grown in 
Bomeo and Sumatra. By the action of sodium on a 
solution of ordinary camphor in toluene a bomeol is pro- 
duced,* having a more powerful dextrorotatory action than 
the dryabalonops bomeol, but on the other hand the latter 
yields ordinary camphor on oxidation by nitric acid. 

Bomeol furnishes the compoimd CioHigCl, when acted 
upon by HCl or PCI5, hence it is probably an alcohol, 
camphor being, in all probability, a ketone, 

CnHjjn-e* OR BENZENE SERIES OF HYDROCARBONS. 

These hydrocarbons differ greatly in chemical behaviour 
fix)m the series previously considered : whereas the mem- 
bers of the CnHan, CnHan^a? and CnH2„_4 series all tend, 
as has been shown, to form additive compounds, and are 
not directly convertible into substitution-derivatives, the 
members of the benzene series comport themselves in 
the majority of cases as saturated hydrocarbons, and 
yield preferably substitution-derivatives, additive compounds 

' The fonnation of bomeol is doubtless due to the action of the 
hydrogen liberated by the conversion of a portion of the camphor into 
iodiiim camphor, thus : 

2CioHieO + N»3 - 2CxoHx5NO* + H, ; 



1 1 2 Organic Chemistry^ 

being formed from them only under certain peculiar con- 
ditions. They are, moreover, characterised by their extreme 
stability, and by the multitude of well-marked substitution- 
derivatives to which they give rise. They are often termed 
aromatic hydrocarbons, on account of the aromatic odour 
which some of their derivatives — benzoic acid, for example — 
possess. The series has been particularly well investigated, 
and is especially interesting to the chemist, owing to the 
numerous instances of isomerism which it affords. 

The hydrocarbons of the benzene series occur, in small 
quantity, in petroleum oil, together with the paraffins; but the 
chief source from which they are obtained is coal-tar oil, one 
of the products of the destructive distillation of coal as 
practised in the manufacture of coal gas. The majority 
have been obtained by synthetic processes. 

Hitherto no member of the group has been obtained from 
the corresponding paraffin by a purely chemical and con- 
nected series of reactions, in the same manner that olefines 
or members of the acetylene series have been obtained 
from the corresponding paraffins, so that we are unable at 
present to judge whether a hydrocarbon, by composition 
a member of the CnH2n_6 series, thus produced, would 
possess the peculiar properties characteristic of the series 
exhibited by the members already known. 

No hydrocarbon of the series containing less than six 
unit-weights of carbon has hitherto been discovered. In 
fact, the first member, benzene^ CgHg, is to the aromatic 
series what methane is to the paraffin series, and we may, 
therefore, conveniently regard the homologues of benzene 
as derived from it by the substitution of hydrogen by 
CnH2n+i groups, just as the higher paraffins are regarded as 
formed from methane by the introduction of radicles of the 
CnH2n+i series in place of hydrogen. The system of rational 
nomenclature adopted in the series is throughout in ac- 
cordance with this view : thus, toluene^ the first homologue 
of benzene, is termed methyl-benzene, because it is obtained 
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hj the action of sodium on a mixture of bromobenzene with 
iodomethane (methylic iodide) : 

CeHsBr + CH3I + Na^ = CgHg.CHa + NaBr + Nal. 

The next homologue, xylene^ of which several modifications 
exist, is termed ethylbenzene when prepared by the action 
of sodium on bromobenzene and iodethane (ethylic iodide) : 

CeH^Br + C2H5I + Naa = C6H5.C2H5 + NaBr + NaT ; 

and dimethylbenzene when formed by treating dibromo- 
bcDzene and iodomethane with sodium : 

C6H4Bra + 2CH3I + 2Na2 = C6H4(CH3)2 + 2NaBr + 2NaI. 

As a matter of fact, no isomerides of toluene, the mono- 
methyl-derivative of benzene, have been discovered. Similarly, 
only one ethylbenzene is known, but no less than three iso- 
meric modifications of dimethylbenzene have been obtained. 
In the present state of our knowledge, we are therefore 
led to assimie that isomerism may exist in this series: — 
I. Between compounds which may be regarded as containing 
Ae same groups, as in the case of the three isomeric dimethyl- 
benzenes; 2. between compounds containing isomeric modi- 
fications of the same group, as between propyl- and isopropyl- 
benzene ; and 3. between compounds into whose constitution 
diflferent groups may be assumed to enter, as examples of 
which ethylbenzene and dimethylbenzene may be cited* 
Strictly speaking, according to the definition given on page 
29, the compounds included in this third division are meta- 
meric, and not isomeric 

Conformably to this view, the nature of the hydrocarbons 
of the series may be inferred in two ways : — i. By preparing 
diem synthetically ; 2. by noting their behaviour on oxida- 
tion. 

The following is a list of the known hydrocarbons of the 
CaHja-^ s&ies, together with their boiling-points •. — 

I 



114 



Organic Chemistry.. 



C6He 


Benzene .... 


CeHe 


B. P. 
8°i 


C7H3 


Methylbenzene (toluene) . 


QH.(CH,) 


III 


CeHio 


Ethylbenzene . 
Dimethylbenzenes : — 

Paraxylene . 

Metaxylene . 

Orthoxylene . 


CeH,(C,H5) 

0eH4(0H3)2 
03114(0113)2 
^6^4(0113)2 


135 

136 
137-138 
140-142 


O9H12 


Propylbenzene . 
Isopropylbenzene 
Ethylmethylbenzene . 
Trimethylbenzenes : — 

Mesitylene . 

Pseudocumene 


03H5(03H,)a 
03115(03117)^ 

06H4(0H3)(02H5) 
C6H3(0H3)3 

^6^3(0113)3 


157 

151 
159-160 

163 
IC6 


C10H14 


Isobutylbenzene 

Propylmethylbenzene 

Isopropylmethylbenzene 

(? a-cymene) . 
Diethylbenzene 
Ethyldimethylbenzene 
Tetramethylbenzene 

(durene) 


06H5(04H«)^ 

06H4(0H3)(03H7)a 

06H4(0H3)(03H7)/3 

^6^4(02115)2 

0eH3(02H5)(0H3)2 

06H2(0H3)4 


I59-I6I 
178-179 

176 
178-179 
183-184 

I89-I9I 


CiiHie 


Isoamylbenzene 
Isopropyldimethylbenzene 
(laurene) . . : 
Diethylmethylbenzene 


C,H.(C5H„)P 

CeH3(CHj,)2(C3H7)P 
C»H3(CH3)(C2H5)a 


193 

188 
178 


Cl2"l8 


Isoamylmethylbenzene 


C.H«(CH3)(C.H„)? 


213 


O13H20 

_ 


Isoainyldimethylbenzene . 


C,H3(CH3),(C.H„)?| 


232-233 



General Methods of Formation, — ^The one general methoc 
of ascending the series consists in acting upon a mixture o 
a moniodated paraffin with a brominated derivative of ben 
zene, or one of the homologous hydrocarbons, with sodium 

CnH2n+iI + CnH2n_7Br + Na2 = CnH2n_7.CnH2n + 1 

+ Nal + NaBr. 

^Qi^2n<l'll+ CnH2n_8T^^2"^^Na^= CJl4^_8(CnH2n+ 1)2 

4- 2Nal + 2li^aBi» 
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Thus monobromobenzene and iodomethane yield toluene 
(methylbenzene) ; dibromobenzene, or bromotoluene, and 
iodomethane )rield xylene (dimethylbenzene) ; bromodi- 
methylbenzene and iodomethane yield trimethylbenzene ; 
bromotrimethylbenzene and iodomethane yield tetramethyl- 
benzene. Penta- and hexamethylbenzenes have not yet 
been synthesised. If instead of bromobenzene and iodo- 
methane, bromobenzene and iodethane, iodopropane, or 
iodotetrane are acted upon by sodium, so-called ethyl-, 
propyl-, or butylbenzenes are obtained. Similarly, bromo- 
toluene, iodethane, and sodium yield ethylmethylbenzene ; 
so that a great variety of compounds may be prepared in 
this way. The isobutyl- and isoamyl-derivatives included 
in the above table have all been prepared with the aid of 
^-iodotetrane and /3-iodopentane, obtained from fermenta- 
tion butylic and amylic alcohol respectively. /3-iodopropane 
cannot be employed in the preparation of /J- (so-called iso) 
propyl-derivatives, which are either natural products, or are 
obtained by indirect methods. 

Behaviour on Oxidation, — The first member of the series, 
boizene, is either unaffected by oxidising agents or is entirely 
burnt to carbonic anhydride and water j under no conditions 
hitherto discovered does it yield oxidation products con- 
taining the same number of unit-weights of carbon as itself. 
It may be directly converted, however, under the influence 
of certain oxidising agents, into benzoic (C6H5.CO2H) and 
phthalic (C6H4(C02H)2) acids ; this change occurs when 
benzene is acted upon by a mixture of manganic oxide 
(Mn02) and sulphuric acid : in this case a portion of the 
benzene is undoubtedly oxidised to formic acid (HCO2H) 
and water, and the acids mentioned are formed by the simul- 
taneous oxidation of this formic acid and further portions of 
the benzene, as expressed by the following equations : 

CgHg ^ HCO2H + O = CgHg.COaH -I- OH2. 
Ce^e + 2HCO2H +02 = C6H4{C02H.^^ Jf ^O^v 

I 2 
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This is confirmed by the fact that increased quantities of 
benzoic and phthalic acids are obtained by oxidising a 
mixture of formic acid with benzene. 

All the homologous hydrocarbons which are formed from 
benzene by a single operation, i.e., which are formed from it 
by the introduction of a single CnH2n + 1 group in the place 
of hydrogen, invariably yield the monobasic acid, benzoic acid^ 
on oxidation ; thus : 

CeHvCHa + 30 = CeHs-COaH + OH2. 

Methylbenzene. Benzoic acid. 

^The oxidation of the hydrocarbons which may be regarded 
as di-derivatives of bejizene, i.e., which are formed from it 
by the introduction of two CnH2n + i groups, may occur in 
two stages : in the first, a monobasic acid of the benzoic 
or C6H4(CnH2n+i)C02H series is formed, one of the 
CnH2n+i groups remaining intact, ^he other being oxidised 
to CO2H ; in the second, the remaining CnH2n+i group is 
also similarly oxidised, and a dibasic acid^ of the composition 
C6H4(C02H)2 produced. For example : 

C6H4(CH3)2 + 30 = C6H4(CH3).C02H + OH2 ; 

Dimcthylbenzene. Methylbenzoic or Toluic acid. 

C6H,(CH3).COjH + 30 = C6H4(CO!,H), + OHj. 

Toluic add. Terephthalic acid. 

' On oxidation of the hydrocarbons derived from benzene by the in- 
troduction of two or more dissimilar CnHgn^.! groups in place of hydro- 
gen, it appears that the more complex — less stable — group is always 
the first to undergo oxidation ; thus CcH4(CH3)C3H7, propylmethyl- 
benzene, yields methylbenzoic (toluic) acid, CeH4(CHs)C0aH, and not 
propylbenzoic acid, CeH4(C3H7)C02H. 

* One important exception to the latter part of this rule is to be 
noted. It appears that three isomeric modifications of each hydro- 
carbon of the form CcH4(CnH2n+i)2 may exist, and that each of these 
yields the corresponding monobasic acid of the CeH4(CnH5n+i)COj,H 
series, but of the three isomeric acids thus formed, two only yield the 
corresponding dibasic acid on oxidation, the third is completely oxidised 
to water and carbonic anhydride (see xyUiveV 
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Similarly, the oxidation of the hydrocarbons which may 
be r^arded as tri-derivatives of benzene, all of which appear 
to yield a tribasic acid of the composition C6H3(C02H)3, 
as their final product, may occur in three stages. For 
example : 

C6H3(CH3)3 + 30 = C6H3(CH3)2.C02H + OH2. 
Mesitylene. Mesitylenic acid. 

CsH,(CH8),.C0jH + 30 = C6H3(CH3)(C02H)8 + OHj. 

Mesttylenic add. Mesidic acid. 

C«H,(CH,)(CO,H), + 30 = C6H3(COjH), + OH,. 

Meddic acid. Mesitic acid. 

In short, the characteristic final oxidation product of a 
hydrocarbon of the benzene series of the general formula 
C6H5_a(CnH2n+i)m> however complex the CnHan + i con- 
stituent, is always an acid of the form CeHe^m (C02H)ro. 
Hitherto too little attention has been paid to the products 
formed simultaneously with this acid, but it appears that in 
the case of the hydrocarbons formed by the aid of moniodo- 
paraffins derived from primary monohydric alcohols,^ an 
acid of the acetic series, containing one unit of carbon less 
Aan the CnH2n + 1 constituent, and water are produced, as 
represented by the following general equations : 

C6H5(QH2n ^ + SO = C6H5.CO2H + 
Cn-lH2(n_i)02 + OH2. 

C6H4(CnH2„+l)2 + loO = C6H4(C02H)2 + 
2Ca«lH2(n_i)02 + 2OH2. 

As a special instance, the oxidation of isoamylbenzene 
may be quoted ; thus : 

C6H5.C5Hn + SO = C6H5.CO2H + C4Hg02 + OHa- 

Isoamylbenzene. Benzoic acid. Isobutyric acid. 

* Moniodoparaffins, other than those derived from primary mono- 
Itydric alcohols, have hitherto never been successfully employed in the 
pnpaiztion of hydrocarbons of the benzene series. 
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Behaviour with Reagents, — Formation of Substitution Deri- 
vatives, — Chlorine acts readily on benzene in presence of 
iodine or antimonic chloride, and gives rise to the following 
derivatives : 

CfiH^Cl ; C6H4CI2 ; C6H3CI3 ; CeH^CU ; CeHClsj C.Ci^. 

Bromine acts similarly, though less energetically. lodo- 
derivatives are only obtained when the action of iodine 
takes place in presence of some substance capable of at 
once withdrawing the hydriodic acid, as it is formed, from the 
sphere of action; such a substance is iodic acid. If the 
hydriodic acid be not withdrawn, it reacts on the iodo-deriva- 
tive first formed and removes the iodine firom it, replacing it 
by hydrogen : CeHg + I2 = CeHgl + HI; CeHgl + HI = 
CsHg + I2 ; but in presence of iodic acid it is at once 
reduced : HIO3 + SHI = 3I2 + 3OH2. Mono-, di-, and 
tri-iodobenzene have thus been prepared by heating ben- 
zene in closed tubes with iodine and iodic acid. 

The haloid substitution-derivatives of benzene are charac- 
terised by their extreme stability and chemical indifference : 
thus nascent hydrogen (firom sodium amalgam and water) is 
entirely without action on chloro- and bromobenzene, and 
these bodies even remain unaffected when fused with potassic 
hydrate. It is in this respect especially that these derivatives 
differ from the haloid derivatives of the paraffin and other 
intermediate series of hydrocarbons, all of which are acted 
upon by nascent hydrogen, alkalies, &c., with comparative 
readiness. 

The homologues of benzene exhibit a remarkable be- 
haviour with chlorine (and bromine). The first product of 
the action of chlorine on toluene in the cold is chlorotoluene,* 
C7H7CI, a body which, like chlorobenzene, is in no way 
amenable to the action of ordinary reagents ; and by further 
similar treatment with chlorine, di- and trichlorotoluene, &c., 

' This chlorotoluene is a mixture of two isomeric bodies. 
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are formed, which are equally stable and indifferent com- 
pounds. If, however, chlorine be passed into ^^/7/>^^ toluene, 
bodies of the same composition, but entirely different proper- 
ties, are obtained : thus the first of these, benzylic chloride, 
C7H7CI, is reconverted into toluene by the action of nascent 
hydrogen ; readily exchanges its CI for (CN), (SCN), (SH), 
&c, when acted upon by KCN, KSCN, or KHS ; and is 
leadily decomposed by alkglies. The second and third 
products of the composition CyHgCla and C7H5CI3, ob- 
tained under the same conditions, exhibit analogous proper- 
ties. 

In explanation of this remarkable difference in the be- 
haviour of the two series of products, the assumption is made 
that in the case of the stable compounds hydrogen in the 
so<:alled aromatic group is replaced by chlorine, whereas 
diose formed by the action of chlorine at a high temperature 
omtain the halogen in the CnHan+j group, and the two series 
of derivatives of toluene are accordingly formulated as 
follows: 

C5H5.CH3; C6H4CLCH3 ; C6H3CI2.CH3 ; C6H2CI3.CH3. 

Tolueoe. Chlorotoluene. Dichlorotoluene. Trichlorotoluene. 

CsHs-CHjCl; CeHj-CHCl,; CsHg.CCV 

Benzylic chloride. Benzylene chloride. Benzotrichloride. 

Moreover, an intermediate series of bodies can be obtained 
which it is generally assumed contain the chlorine partly in 
the aromatic and partly in the CnHgn+i group. Thus, if 
chlorotoluene be treated with chlorine at its boiling-point, 
or if benzylic chloride be acted upon by chlorine in the cold, 
a dichlorinated product is obtained, half the chlorine in 
which may be readily removed and replaced, the Other half 
cannot Hence this body is represented by the formula : 
C6H4CI.CH2CI. By the continued action of chlorine on 
this compound, at an elevated temperature, tri- and tetra- 
chlorinated derivatives are produced — CsH^CLCHCl^ and 
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C6H4CI.CCI3, in which respectively two-thirds and three- 
fourths of the chlorine may be readily removed and replaced. 

So far as our observations go, the higher homologues of 
benzene comport themselves similarly. 

Most remarkable, however, is the fact that if the action of 
chlorine on toluene take place in presence of a small quan- 
tity of iodine, bodies of the first class only are obtained, no 
matter what the conditions of temperature. 

Concentrated nitric acid converts benzene, with great 
evolution of heat, into nitrobenzene, which is converted by 
prolonged heating with the acid, or more readily if a mixture 
of concentrated nitric and sulphuric acids be employed, into 
dinitrobenzene, C6H4(N02)2 : 

CfiHe + HNO3 = OH, + C6H5.NO2. 

Similar nitro-derivatives are obtained from the homologous 
hydrocarbons. A weaker acid, however, exercises simply 
an oxidising action : thus diethylbenzene, for example, yields 
ethylbenzoic acid when boiled with diluted nitric acid. 

By the action of concentrated sulphuric acid on benzene 
and it^ homologues, these hydrocarbons are converted into 
siUphonic acids \ e.g. : 

CeHe + SO4H2 = OH2 + C6H5(S03H). 
CeHe + 2SO4H2 = 2OH2 + C6H4(S03H)2. 

The haloid substitution-derivatives of benzene and its 
homologues, excepting those formed firom the latter by the 
action of chlorine or bromine on the boiling hydrocarbons, 
are similarly acted upon ; thus : 

CfiHsBr + SO4H2 = OH2 + C6H4Br(S03H). 

Bromobenzene. BromobenzenesulpHonic acid. 

When heated with a large excess of a concentrated hydrio- 

dic acid solution, for some hours, at 27o°-28o°, the aromatic 

hydrocarbons are converted into the corresponding paraf- 

£ns (Berthdot). Baeyer finds, however, that . dry hydriodic 
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add' has no action on benzene, even at 350% but that it 
converts toluene into the hydrocarbon C7H10; xylene into 
CgHi4; and mesitylene (trimethylbenzene) into CgHjg. 

Benzene {Benzol; Phenylic Hydride^)^ CsHg. — Formation, 
—1. By the action of heat on acetylene : 3C2H2 = CgHg. 

2. llie higher homologues of benzene and a number of 
odier hydrocarbons (naphthalene, anthracene, &c), yield 
benzene among other products when strongly heated by 
passing through a red-hot tube, either alone or mixed with 
liydrogen. 

3. Pure benzene is obtained by carefully distilling benzoic 
add with calcic hydrate (slaked lime) at a dull red heat : 

CsHft-COaH + CaHjOj = CaCOg + OH, + CeHg. 

4. By passing phenol over strongly heated zinc dust : 

CgHfiO + Zn = TaiO + CeHg. 

On the large scale benzene is always prepared from the 
portion of coal-tar oil boiling below 100°. This is first shaken 
op with diluted sulphuric acid, then with water, and finally 
vith soda solution, in order to remove all the substances of 
basic or acid properties it may contain. It is then fractionally 
distilled, and if required perfectly free from homologous ' hydro- 
carbons and from hydrocarbons of the CnH^n^,, CnH^Q, and 
CbH^., series, with which it is always more or less contami- 
nated and which cannot be separated by mere distillation, it 
is cooled to a low temperature by a refrigerating mixture of 
ice and salt ; the benzene then crystallises out, whilst the other 
hydrocarbons remain liquid, and may for the greater part be 
removed by draining the crystals, which are afterwards melted 
and again caused to crystallise, and drained. The last traces 
of admixed hydrocarbons are removed by adding bromine until 

> The hydrocarbon was enclosed in glass tubes with phosphonic 
iodide, PH4I, which is split up on heating into Pil^ + HI. 

* The hypothetical radicle CeH^, derived from benzene, is termed 
phenyl, 

* CommeFciaJ benzene always contains laige quantities ottc^'atsu^ 
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a pennanent colouration is produced — the benzene being scarcely 
attacked by it, whereas the other hydrocarbons are acted 
upon and converted into brominated derivatives — ^then washing 
with alkali, drying over solid potassic hydrate, and rectifying, 
when pure benzene boiling constantly at 8i° is obtained. 

Benzene is a colourless, limpid, strongly refracting, highly 
inflammable liquid of peculiar odour ; specific gravity '899 
at 0°. It solidifies, on cooling, to a brilliant white mass of 
fern-like tufts, which melt at 5°*5 ; it is scarcely soluble in 
water, but is a solvent of a very large niunber of bodies. 

Derivatives of Benzene, — Chlorine is without action on 
benzene in the dark, or in diffused light ; the action of 
chlorine or bromine in bright sunlight, however, gives rise to 
the formation of additive compounds of the formula CeHgClg 
(benzene hexachloride) and CgHsBrs (benzene hexabro- 
mide). These are white crystalline substances, which are 
converted into trichloro- and tribromobenzene respectively, 
by the action of potassic hydrate, thus : 

CfiHeCle + 3KHO = 3KCI + 3OH, + C6H3CI3. 

By passing chlorine into benzene in which some iodine is 
dissolved and heating gently meanwhile, the following series 
of derivatives are obtained : — 

Fonnula. BoUuig-p<nnt Melting-point. 



Monochlorobenzene . 


CeHsCl 


133° 


-40° 


Dichlorobenzene 


C5H4CI2 


171° 


53° 


Trichlorobenzene 


C6H3CI3 


206° 


17° 


Tetrachlorobenzene . 


C6H2CI4 


240° 


139° 


Pentachlorobenzene . 


CfiH CI5 


272° 


85° 


Hexachlorobenzene • 


CeCle 


326" 


226" 



The action of iodine in assisting the formation of chloro- 

benzenes is at once explained by the iaxX that iodine 

chloride reacts readily on benzene : the first action appears 

to consist in the formation of moniodobenzene — CsHg 4- 

CIL =s CgHgl + HCl, but in conXacl YiWa.a.tethfii: portion 
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of iodine chloride, this is converted into chlorobenzene — 
CjHjI + CU = CeHgCl + Ij. The iodine thus set free 
is again converted into chloride by the chlorine, and thus 
acts, as it were, simply as carrier of the chlorine. 

Mono-, di-, and trichlorobenzene also combine directly with 
cfalcoine in sunlight ; thus, according to Jungfleisch, mono- 
dilorobenzene is converted successively into : 

Monochlorobenzene dichloride . CgHgCla 

„ tetrachloride . CgHsClg 

„ hexachloride . CeHgCly 

„ octochloride . CeHjClg. 

These bodies, when treated with an alcoholic solution 
^ potassic hydrate, yield chlorobenzenes, which, it is said, 
are isomeric with those obtained by the direct action of 
dilorine on benzene, thus : 

Melting-point 

C6H5CI3 - HCl = C6H4Cla liquid. 

C6H5CI5 - 2HCI = C6H3CI3 do** 

C6H5CI7 - 3HCI = C6H2CI4 35° 
C6H5CI9 - 4HCI = C6HCI5 8s°(') 

Bromine acts slowly on benzene in the cold, converting 
it into monobromobenzene. The dibromobenzene obtained 
by gently heating monobromobenzene with bromine is a 
mixture of two isomeric substances : the one being crystalline 
and melting at 89**, the other being liquid at ordinary tem- 
peratures, but solid below 0°. The major portion of the pro- 
duct consists of the solid modification, which is converted 
by nitration into nitrodibromobenzene, C6H3Br2(N02), 
melting at 84°; whilst the liquid modification is converted 
into an isomeric nitrodibromobenzene, melting at 58°. 
A third dibromobenzene has been obtained from dibrom- 
aniline (dibromamidobenzene), C6H3Br2 (NHg), by re- 
placing the NHg group by H, by the action of ethylic 

• The existence of this isomeric pentachlorobenzetie \s ^vs^-^Na^, 
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nitrite (see Aniline). This third modification is still liquid 
at — 28°, and furnishes a nitrodibromobenzene melting at 
60^-61°. 

Monochloro- and monobromobenzene also each furnishes 
two isomeric mononitro- and two isomeric dinitro-derivatives 
when acted upon by concentrated nitric acid. 

It is especially noteworthy that in no case have isomeric 
modifications of mono-derivatives of benzene been obtained; 
thus we only know one methylbenzene (toluene), one chloro- 
benzene, one bromobenzene, one nitrobenzene. The greatest 
number of isomeric modifications of di-derivatives of benzene 
which have been ol)tained is three ; whilst of many of the 
tri-derivatives no less than six isomeric forms have been 
prepared. We have littie knowledge of the higher derivatives* 

Benzene unites directiy with hypochlorous acid : CeHg + 
3CIOH s= C6H9CI3O3. The additive compound tiius 
formed is converted by the action of water (in presence of 
sodic carbonate) into phenose: CgHgClaOs + 3OH2 = 
C6H12O6 + 3HCI, a saccharine body of Uie same com- 
position as grape sugar, but not fermentable. Phenose 
yields ^-iodohexane (/3-hexylic iodide) when submitted to 
the action of hydriodic acid : 

CfiHiaOe + 13HI = CeHi,! + 6OH2 + 61,. 

This transformation of benzene is especially remarkable, 
since it affords the first instance of the artificial formation of 
a compound of the glucose group. 

Toluene {Methylbenzene), C7Hg' = CgHs.CHa, may be 
produced by treating a mixture of monobromobenzene and 
iodomethane with sodium, but it is usually obtained by the 
fractional distillation of that portion of coal-tar oil which 
boils at ioo°-i2o^ It is a mobile colourless liquid, boiling 
at in**. Toluene yields benzoic acid, C6H5.CO2H, and 
water on oxidation. 

In nearly every instance two isomeric derivatives are 
formed simultaneously by the action of varioos reagents on 
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tobene. Thus two monobromotoluenes are produced by 
the action of bromine in the cold : one of these is a crystal- 
fine solid, and yields parabromobenzoic acid, C6H4Br.C02H, 
on oxidation ; the other is liquid and is entirely decomposed 
OD oxidation. Similarly, two isomeric monochlorotoluenes are 
foniied by the action of chlorine in the cold, and treatment 
of tolu^e with nitric acid gives rise to two mononitro- 
toiuenes: the one being crystalline and convertible into 
tvtmiirobenzoic add, C6H4(N02).C02H ; the other liquid 
and entirely decomposed by oxidising agents. Again, two 
isomeric toluenesulphonic acids, readily distinguishable by 
(he di£ferent crystalline forms, &c., of their potassic salts, are 
timed on dissolving toluene in concentrated sulphuric acid. 
Xylene, CgHio- — Ethylhenzene^ CeHg.CaHj, prepared by 
die action of sodium on a mixture of monobromobenzene with 
iodethane, boils at 135°; it yields benzoic acid, carbonic 
anhydride and water on oxidation. 

Three isomeric modifications of the metameric compound 
dimethylbenzene, C6H4(C 113)2, have been obtained, namely, 
Para-^ Afeta-^ and Ortho-xylene, These are probably all pre- 
sent in coal-tar oiL 

Paraxylene is prepared synthetically by the action of 

sodium on a mixture of iodomethane with the crystalline 

modification of monobromotoluene ; it forms white crystals, 

which melt at 15** and boil at 136° ; it is converted into 

faratolutc acid, C6H4(CH3).C02H, on oxidation, which, on 

further oxidation, yields terephthcUic acid, C6H4(C02H)2. 

MetcuxylenCy which appears to be the chief constituent of 
coal-tar oil xylene, is obtained by distilling mesitylenic acid 
with lime : C6H3(CH3)2.C02H + CaO = C6H4(CH3)2 + 
CaCOa- Metaxylene boils at i37°-i38*'; it yields metatoluic 
acid on oxidation, which in turn yields isophthalic acid. 

Orthoxylene, — By the action of sodium on a mixture of 
iodomethane with the monobrominated derivative of either 
para- or metaxylene, the same modification of trimethyl- 
benzene is obtained By digestion with ^ul^ m\:d& ^6& 
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ihh pseudocumene, as it is termed, is converted into a mixture 
of two isomeric acids, known as xylic and paraxylic acids. 
Xylic acid, C6H3(CH3)2.C02H, furnishes metaxylene on 
distillation with lime, whilst paraxylic acid yields orthoxylene 
when similarly treated. Orthoxylene boils at i4o°-i4i*'; 
on oxidation by dilute nitric acid it yields orthotoluic acid, 
which cannot, however, be oxidised to the corresponding 
phthalic acid. These three isomeric xylenes differ also 
considerably with respect to their behaviour with bromine, 
concentrated nitric acid, &c, furnishing substitution-deriva- 
tives differing in appearance, melting-point, &c. 

CuMENE, C9H12. — The modification of this hydrocarbon, 
termed mesitylene, which occurs in coal-tar oil, is obtained 
synthetically by a remarkable reaction, by heating acetone 
with sulphuric acid : 3C3H6O = C9H12 + 3OH2. 

Coal-tar cumene appears to contain three isomeric tri- 
methylbenzenes, namely : mesitylene, pseudocumene, and a 
third hydrocarbon not yet isolated in the pure state. 
Roman cumin oil, from the seeds of Cuminum cyminum, 
contains ready formed a cumene which yields benzoic acid 
on oxidation ; it is tixhtt propyl or isopropylbenzene. 

Cymene, C10H14. — Excepting a-cymme^ the various modi- 
fications of this hydrocarbon are obtained by synthetic 
methods. a-Cymene from camphor, &c. (p. 109), is either 
propyl- or isopropyl-methylbenzene ; it yields acetic and para- 
toluic^ respectively terephthaliCy acid on oxidation. 

DiPROPARGYL, CgHe.— This hydrocarbon, the properties 
of which have only been made known within the last few 
weeks, is isomeric with benzene, but differs from it in 
chemical behaviour to an enormous extent. It is obtained 
by the action of potassic hydrate on diallyltetrabromide (p. 
104) : C6HioBr4 + 4KHO = CgHe + 4KBr + 4OH2. 

Dipropargyl is a mobile liquid boiling at about 85°; it 
combines with bromine with explosive violence to form first 
an oily tetrabromide, C6H6Br4, which appears capable of 
combining with more bromine to form an octobromide. 
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CsH^Brg; it produces an amorphous white precipitate, 
C«H4Ag2 + 2OH2) in a solution of argentic nitrate, and a 
greeoish-yellow precipitate, C6H4(Cu2) + 2OH2, in an am- 
moDiacal solution of cuprous chloride. 

CttH2n.8 SERIES OF HYDROCARBONS. 

Three hydrocarbons of this series are known : — 

Cinnamene CgHg 

Allylbenzene C9H10 

Phenylbutylene .... C10H22. 

Hydrocarbons bearing to benzene and toluene the same 
relation that ethylene bears to ethane are not known. 

CiNNAJkiENE, CgHg, is produced on passing {a) the vapour 
of ethylbenzene through a red-hot tube, CgHio = CgHg 4- 
Hj; (p) a niixture of benzene vapour with ethylene, 
CgHs + C2H4 = CgHg + H2; {c) a mixture of benzene 
vapour with acetylene, CeHg + C2H2 = CgHg; and (d) on 
strongly heating acetylene, 4C2H2 = CgHg. 

2. By treatment of the first product of the action of 
bromine on boiling ethylbenzene by potassic hydrate : 

CgHio + Br2 = CgHgBr -h HBr; 
CgHsBr -h KHO = CgHg -h KBr + OH2. 

3. By distilling cinnamic acid with baric hydrate : 
C9H8O2 + BaH202 = CgHg + BaCOa + OHj. 

Cinnamene is present ready formed in liquid storax, and 
may be separated by distilling the balsam with water, 
TB^hen it passes over with the steam. It is a colourless, 
mobile, strongly refiracting liquid, boiling at 145°. Cinna- 
mene combines directly with chlorine and bromine to form 
the additive compounds cinnamene dichloride, CgHgCl2, and 
cinnamene dibromide, CgHgBr2, the analogues of ethylene- 
dichloride and dibromide. If heated to 200° in a closed 
tube^ it is converted into a white transparent itsoiQiviai ^\fc- 
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stance, metadnnamene^ which liquefies when more strongly 
heated, and is reconverted into liquid cinnamene, of which 
it is undoubtedly a polymeric modification. 

Allylbenzene, C9H10 = C6H5.C3H5. — ^AU attempts to 
prepare this hydrocarbon by the action of sodium on a 
mixture of bromobenzene with allylic iodide have been 
unsuccessful It is obtained by the action of nascent hy- 
drogen (sodium amalgam and water) on cinnamic alcohol : 

CgXlg.OIx + Hj ^ CglliQ +' OHjj. 

Allylbenzene is a colourless liquid boiling at 165°-! 70°; 
it forms with bromine a crystalline dibromide ; CgHioBrj. 
Phenylbutylene : C10H12. See Naphthalene. 

CnHan-io SERIES OF HYDROCARBONS. 

m 

AcETENYLBENZENifi, CgHg, the Only known hydrocarbon 
of the series, is obtained — i. By the action of an alcoholic 
solution of potassic hydrate on cinnamene dibromide : 

CgHgBra +2KHO = CgHg + 2KBr + 2OH2. 

2. By distilling methylphenylketone with phosphorus 
pentachloride and treatment of die resulting compound with 
potassic hydrate : 

CH3.CO.C6H5 + PCI5 = POCI3 + CH3.CCI2.C6H5 ; 
CH3.CCI2.C6H5 + 2KHO = CH.C.C6H5 + 2KCI + 2OH2. 

3. By heating "phenylpropiolic acid with water at 120° : 

CgHgOa = CO2 + CgHfi. 

Acetenylbenzene is a colourless, strongly refracting liquid, 
of peculiar aromatic odour \ it boils at 139°. It has the 
property so characteristic of acetylene and some of its homo- 
logues, of precipitating metallic solutions : thus it produces 
a yellow precipitate of the composition (CgH5)2Cu2, in an 
ammoniacal solution of cuprous chloride; and the compound 
CgHsNa is produced with evolution of hydrogen on the 
addition of sodium to an ethereal solution of acetenyl- 
benzene, Thi$ sodium derivative unites readily with car- 
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X)mc anhydride to fonn the sodic salt of phenylpropiolic 
idd : CgHfiNa + COj = CgHgNaOa. On agitating the 
x)pper derivative suspended in ammonia with oxygen, the 
bllowing reaction occurs : (CgH5)2Cu2 + O = CieHio + 
[^UjO. The new hydrocarbon, diacetenylbmzene, crystal- 
ises in long white needles, which melt at 97°. 

CttHan-12> CnH2n_ 18) AND CaHan _ 24 SERIES OF 

HYDROCARBONS. 

Naphthalene^ CioHg ; Anthracene, C14H10 ; and Chryseney 
CigHia, which are respectively the representatives of the 
above three series, may be regarded as the successive terms 
of a homologous series, of which betizene, CeHg, is the first 
member, and in which there is a difference of C4H2 between 
the homologues. In fact, great analogy in chemical be- 
haviour exists between these four bodies, and they also differ 
gready in chemical behaviour from most other series. Espe- 
cially characteristic of these, hydrocarbons is the property of 
fonning so-called quinones. These quinones are invariably 
products of oxidation, but whereas in all ordinary cases of 
oxidation the reaction consists in the replacement of H2 by 
O, as in the formation of acetic acid from alcohol, for 
example : C2H6O + 20 = C2H4O2 + OH2, in the forma- 
tion of the quinones no less than two units of oxygen are 
mtroduced into the compound for every two units of hydro- 
gen removed, e.g. : 

CuHio + 30 = CnHsOa + OH2. 

Anthracene. Anthraquinone. 

These quinones are neutral bodies ; they are readily con- 
irerted by the action of nascent hydrogen into the correspond- 
ing hydroquinonesy which are the dioxy-derivatives of the 
liydrocarbons from which the quinones are produced, e.g. : , 

C6H4O2 + H2 = C6H4 (0H)2. 

Quinone. Hydroquinone. 

Benzene cannot be directly oxidised to the cOn^s^oti'Sixi^' 

K 
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quinone, but chlorinated quinones may readily be obtained 
directly : thus chlorochromic anhydride, Cr02Cl2, a reagent 
which exercises simultaneously an oxidising and a chlori- 
nating action, converts benzene into trichloroquifione : 

CfiHe + 4Cr02Cl2 ^ CgHClaOa + 2Cr203 + 5HCI. 

Naphthalene, CioHg, the primary member of the 
CnH2n_i2 scrics, is onc of the principal by-products in the 
manufacture of coal gas» It is a constant product of the 
decomposition of many hydrocarbons by a red heat, and it 
is also formed when a mixture of benzene, cinnamene, 01 
anthracene vapour with ethylene gas is passed through a red- 
hot tube ; in fact, it is generally produced when organic bodies 
are distilled out of contact with air at very high temperatures. 

The synthesis of naphthalene has recently been effected 
in the following manner : a mixture of benzylic chloride 
with allylic iodide when acted upon by sodium yields the 
hydrocarbon C10H12 {phenylbutykfie), thus : 

C7H7CI + C3H5I + Nag = C10H12 + NaCl -f Nal. 

This hydrocarbon combines directly with bromine, and the 
resulting dibromide is resolved into naphthalene, hydrogen, 
and hydrobromic acid on passing its vapour over quicklime 
heated to redness : CioHi2Br2 = CjoHg + Ha + 2HBr. 

Naphthalene crystallises in brilliant white scales ; it melts 
at 79° and boils at 2x6°. It possesses a peculiar unpleasant 
odoiu:, is insoluble in water, but dissolves readily in alcohol, 
ether, fatty ind essential oils, and in acetic acid. 

Naphthalene closely resembles benzene in chemical be- 
haviour. Bromine converts it, according to the proportions 
used, and to the temperature to which the mixture is heated, 
into one or other of the following compounds : 

CioHyBr ; CioH6Br2 ; CioH5Br3; CioH4Br4 ; CioH3Br5. 

By the action of chlorine both substitution-derivatives 
BDd additive compounds are obtained, namely : 
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^Pentafii1oron^)hdialene 
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^l-lMcmcxJiloioDaphdialeDetetrachlonde . CioH.CU 
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By liie action erf* diloime in presence of antimonic chloride 
it is finallj converted into octochloronaphthalene, C|oCl^ 

Nitric add converts naphthalene into nitronaphthalene, 
C|«H7.NOs9 and by continued treatment into di-, tri-, and 
finally tetranitronaphthalene; of these latter several isomeric 
modifications are produced simultaneously. 

Treated with chromic anhydride in acetic acid solution, it 
is oxidised to naphthoquinone : 

CioHg + 30 = CioHfiO, + OHa. 

On oxidation with potassic dichromate and sulphuric acid, 
it yields dinaphthyl i 2C10H8 + O = CjoHu + OHj ; 
and at the same time phthalic acid is formed : C|oHg + 9O 
= C8H6O4 + 2CO, + OH2. 

An isomeride of dinaphthyl, of higher melting-point, fe 
obtained on passing naphthalene vapour through a tube 
heated to bright redness : 2C,oH8 = CjqHu + Hj ; 
dinaphthyl melts at 154°, isodinaphthyl at 204®. 

Naphthalene dissolves readily in warm concentrated sul- 
phuric acid with formation of two isomeric (a and /5) 
napftthalenesulphonic acids : 

CioHg 4 H2SO4 = CioH^-HSOa + OHj. 

Naphthalene combines directly with hypochlorous acid: 
CioHg + 2CIOH = CioHgC^OH)^; 

the product being acted upon by alkalies thus ; 

Cjo^sCl2(OH), -h 2KOH = CxoH8(OH)4 -V ^^C\, 

K Z 



132 Organic Clumistry, 

Only two homologues of naphthalene are known : methyl- 
nqphthaleney CnHjo = C10H7.CH3, and ethylnaphthaleiiey 
Ci2Hi2 = C10H7.C2H5, obtained respectively by the action 
of sodium on mixtures of bromonaphthalene with iodome- 
thane, or iodetliane. The former boils at 231°, the latter 
at 251® ; both are liquid even at —14° 3 they are entirely 
decomposed on oxidation, and do not seem capable of 
furnishing any well-characterised derivatives. 

Anthracene, C14H10, the primary member of the 
CnHjn.ig series of hydrocarbons, has lately attained to 
great importance, owing to its forming the starting-point for 
the artificial production of alizarin^ the colouring matter 
contained in madder root {Rubia tinctorum)^ one of the most 
valuable dyeing materials with which we are acquainted. 

Anthracene is obtained on the large scale from the portion 
of the solid product of the distillation of coal-tar which 
passes over at about 340°-4oo°. It may be produced arti- 
ficially — I. By heating benzylic chloride with water to 200°, 
together with the hydrocarbon benzyltoluene, Ci4Hi4: 

4C7H7CI = C14H1Q + C14H14 + 4HCI. 

2. By the action of heat on various hydrocarbons, or 
mixtures of hydrocarbons : thus benzyltoluene is resolved 
into anthracene and hydrogen when passed through a red- 
hot tube j and some anthracene is obtained when toluene 
vapour is similarly treated, its production being doubtless 
preceded by that of benzyltoluene. A mixture of benzene 
vapour with ethylene also yields anthracene when passed 
through a red-hot tube. 

3. By heating alizarin with zinc-dust, the necessary hy- 
drogen being probably furnished by the entire decomposition 
of a portion of the alizarin : 

C14H8O4 + Ha + 4Zn = CuHjo + 4ZnO. 

4. A number of other vegetable products, such as chry- 
sophanic acid — Ci4Hg04, alain^ frangulic add — C14H10O5, 
&a, also yield anthracene on distillation with zinc-dust 
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Anthracene forms dazzling white four- or six-sided tables, 
which exhibit a magnificent violet fluorescence ; it melts at 
213® and boils at about 360®. By prolonged exposure to 
sun%ht it undergoes a remarkable physical alteration, being 
converted into so-called par anthracene^ which melts at 244** 
and differs in many respects from ordinary anthracene, but 
is reconverted into anthracene on fusion. 

Anthracene combines with nascent hydrogen (from sodium' 
flmalgam and alcohol), forming anthracene dihydride, and 
if heated with hydriodic acid and phosphorus to 200^-220'', 
it is converted into anthracene hexhydride, Ci4Hig. At a 
red heat the latter is resolved into anthracene and hydrogen. 

The products of the action of bromine on anthracene are 
di-, tri-, and tetrabromanthracene, and dibromanthracene- 
tetzabromide, CuHgBrg. 

Anthracene is readily oxidised to anthraquinone by tne 
action of nitric acid, or of a mixture of potassic dichromate 
with sulphuric acid: C14H10 + 30 = CuHgOj + OHg. 

Anthraquinone is also obtained by oxidising dichlor- or 
dibronaanthracene : CuHgCla + 02 = CuHgOj + CI2. 

Anthraquinone is readily converted by the action of 
bromine into dibromanthraquinone ; if this body be carefully 
fused with potassic hydrate, the mass assumes a violet colour, 
and then contains the potassium derivative of alizarin (dioxy- 
anthraquinone) ; thus : 

C,4H6Br202 + 2KHO = CuH602(OK)2 + 2KBr + 2OH2. 

On the addition of an acid to the aqueous solution of the 
fused noass, the crude alizarin is thrown down as a yellow 
precipitate, and may be obtained pure by carefully subliming 
the dry precipitate, in the form of beautiful red prisms. 
Alizarin dissolves readily in alkalies or alkaline carbonates 
forming deep purple-coloured solutions, which are decolor- 
ised by adds, owing to the precipitation of the alizarin. 

A more economical method 0/ preparing alizarin \s lY^fc icA.- 
}—DicbloranthrsLcene, prepared by acting on anJCbi^Lceofe 
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with chlorine, is gently heated with an excess of concentrated 
sulphuric acid, whereby it is converted into dichloranthracene- 
disulphonic 2iC\di\ 

Ci^H.Clg + 2H3SO4 = Ci^HgClaCHSOj^a + 2OH2. 

By the action of oxidising agents, or by heating with stroncr 
sulphuric acid, this acid is readily converted into anthraquinone- 
disulphonic aci4: 

Ci,H,Cl,(HS03)2 + O, = Cj^HeOaCHSOg), + Cl^. 
Ci^H^ClaCHSOj),, + H3SO4 = Ci^HeOaCHSOa)^ + 2HCI + SO^. 

Finally, by heating this acid (or one of its salts) with potassic 
hydrate, at a temperature of about iSo', it is resolved into the 
potassium derivative of alizarin and potassic sulphite : 

Cj4He02(HS03)3 + 6KH0 « Z^^filOY.\ + 2K3SO3 + 4OH2. 

By heating anthracene with nitric acid, anthraquinone is 
first formed, but is converted, on further heating, into dini- 
troanthraquinone. This body has the property of com- 
bining with all the solid hydrocarbons present in coal-tar, 
forming crystalline compounds, which are readily decom- 
posed by alkalies ; thus it unites with anthracene to form the 
compound Ci4Hio,Ci4H6{N02)202. 

Coal- tar oil also contains an isomeride of anthracene termed 
phmanthrene^ which closely resembles anthracene in appear- 
ance, but melts at 100® and boils at 340®, and is further 
characterised and distinguished from anthracene by its 
behaviour on oxidation, whereby it is first converted into 
the quinone, C14H8O2, isomeric with anthraquinone, which, 
on further oxidation, yields a dibasic acid of the formula 
C14H8O4 {diphenic acid), Anthraquinone cannot be further 
oxidised. On distillation over soda-lime, heated to redness, 
phenanthraquinone yields diphenyl, CigHjo, thus : 

CuHgOa + 4NaOH = C^Hia + 2Na2C03 -f Hj, 

whilst anthraquinone, when similarly treated, yields benzene : 
Cj^HfiOa + 4NaOH =r zC^YL^ + 2Na2C03. 
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Fhenanthrene forms with bromine a crystalline dibromide — 
ChHioBts. 

A second isomeride of anthracene has been obtained 
bf tiie following remarkable reaction. It is found that 
QO treating an alcoholic solution of anthracene with nitric 
add, two isomeric mononitroanthracenes are produced; one 
of these is red in colour, and is converted by the action 
of nascent hydrogen into a hydrocarbon of the same com- 
position as anthracene, but perfectly distinct properties, and 
mdting at 247**.* With bromine it forms a crystalline com- 
pound, CagHisBr, = 2Ci4Hio + 2Br2-HBr. 

A fourdi hydrocarbon, tolane, isomeric with anthracene, is 
also known (p. 138). 

The only known homologue of anthracene, dimethyl- 
anthracene, C16H14, has been produced by a reaction 
analogous to that whereby anthracene is obtained from 
benzylic chloride, namely, by heating xylylic chloride (the 
first product of the action of chlorine on boiling xylene) with 
water in closed tubes at 210° : 

4C8H9CI ^ C16H14 -h CifiHig -I- 4HCI. 

The hydrocarbon CisHig is resolved by a red heat into 
bydrogen and dimethylanthracene. Dimethylanthracene is 
a crystalline substance, closely resembling anthracene. 

Chrysene, CigHi2, the only known hydrocarbon of the 
CHaa— 24 series, has been isolated from among the solid 
products of the distillation of coal. It crystallises in small 
yellow scales, which melt at 245°-248°, and is converted on 
oxidation into chrysoquinone, CisHiqOj, 

CnH2n_i4 SERIES OF HYDROCARBONS. 

The following hydrocarbons of this series are known :— 

' The quinone of this hydrocarbon crystallises in red needles, which 
melt at »35°, whereas the isomeric anthraquinone crystallises in pale 
yellow needles which melt at 273°. Phenanthraquinone crystallises in 
oaaige-yeUow needles, and melts at about 200°. 
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Melting-point 


Boiling-point 


Diphenyl 


C12H1Q 


60° 


240° 


Acenaphthene 


C12H1Q 


95° 


268° 


Diphenylmethane 


C13H12 


26°-s 


261° 


a-Ditolyl 






121° 




/3-Ditolyl 


.. 


C14H14 


liquid 




Dibenzyl 
Benzyltoluene , 




52° 


284° 




liquid 


2'jt 


Benzylethylbenzene 




liquid 


294° 


Benzylmetaxylene 


' CisHje 


liquid 


295° 


Benzylparaxylene , 




liquid 


294° 



Excepting acenaphthene all these act as saturated com- 
pounds, yielding substitution-derivatives when acted upon by 
bromine, nitric acid, &c., and not forming additive com- 
pounds. 

Diphenyl, CiaHjo = CgHs.CeHft, is produced— i. By 
passing benzene vapour through a red-hot tube ^ 20,^^ = 
CiaHjo + Hg. 2. By the action of sodium on monobromo- 
benzene : 2C6H5Br + Nag = 2NaBr -f- C12H10. Diphenyl 
crystallises in beautiful white iridescent nacreous scales which 
melt at 70° ; it is converted into benzoic acid on oxidation. 

DiTOLYL, C,4Hi4 = CH3.C6H4.C6H4.CH3.— The two 
isomeric modifications are obtained by the action of sodium 
on the two isomeric monobromotoluenes (p. 125), the a-modi- 
fication being formed from the crystalline bromotoluene. 

Dibenzyl, C14H14 = C6H5.CH2.CH2.C6H5, metameric 
with ditolyl, is prepared by acting upon benzylic chloride 
with sodium. 

Diphenylmethane (Benzylhenzme)^ C6H5.CH2.C6H5 = 
C13H12. — Benzylic chloride has but slight action on benzene 
at temperatures below 100®, but if finely divided zinc or 
copper be added, and the mixture gently heated, reaction 
takes place readily, hydrochloric acid is evolved, and 
diphenylmethane is formed, together with products of higher 
boiling-point not yet examined. The reaction which occurs 
jn^y be formulated thus: CeHe + C7H,Cl= HCl + C13H12. 
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It is difficult to account for the influence exercised by the 
metal, inasmuch as little metallic chloride is fonned, the 
greater part of the hydrochloric acid being evolved as such ; 
it appears simply to impart the first impetus to change, since 
if the reaction be once started, the metal may be removed 
by filtration, or otherwise, without affecting the progress of 
the reaction or hindering its completion (Zincke). 

Diphenylmethane is also obtained by the action of sul- 
phuric acid on a mixture of benzene with benzylic alcohol 
or formic aldehyde : ^ 

CfiHe + C6H6.CH2(OH) = QYi^{(Z^^)^ + OHj. 
2C6H6 + CH2O = CH2(C6H5)a + OH2. 

The homologues of diphenylmethane — benzyltoluene,*ben- 
zylethylbenzene, benzylmeta- and paraxylene — ^are similarly 
produced by the action of benzylic chloride on toluene, 
ethylbenzene, metaxylene and paraxylene in presence of zinc. 

Diphenylmethane is converted on oxidation into the 
ketone, benzophenone : 

C6H5.CH2.CqH|( -f- O2 ^ CgHs.CO-CgHs -f- OHj; 

the homologous benzyltoluene yields methylbenzophenone : 
CfiXi5.CH2.C5H4.CH3 + 02^CgH5.CO.CgH4.CH3 + OH2, 

which on further oxidation yields benzoylbenzoic acid : 
C6H5.CO.C6H4.CH3 +30= C6H5.CO.C6H4.CO2H + OH2. 

AcENAPHTENE, CigHjo. — ^This hydrocarbon is contained 

• The various methods of obtaining diphenylmethane (and its homo- 
logues) afford most striking examples of the fact that a reaction possible 
between two bodies often does not take place until a third is introduced 
having a tendency to combine with, or be acted upon by, one of the 
products of that reaction. Thus no change occurs when benzene and 
benzylic alcohol are mixed until sulphuric is added, which then induces 
reaction apparently in virtue of the tendency which it has to enter into 
combination with water — a product of the reaction. 

* The benzyltoluene thus fonned is a mixture of two \som^'d^<e&« 
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in heavy coal-tar oils, and separates from the portion boiling 
between 270^-300° in large transparent prisms which melt at 
95°. In chemical behaviour it differs entirely from the other 
members of the series. Thus it unites directly with bromine 
to form a crystalline hexbromide, Ci2HioBrfi; it also com- 
bines with trinitrophenol forming the compound C12H10, 
C6H3(N02)30, which crystallises in orange-yellow needles. 

Acenaphtene is ibrmed on passing naphthalene vapour 
-and ethylene gas through a heated porcelain tube : CioHg 
+ C2H4 = Ci2Hio + Hg. Also by strongly heating ethyl- 
naphthalene, C12H12 = C12H10 + H2 ; or by the action of 
potassic hydrate on the first product of the action of bromine 
at 180® on ethylnaphthalene : 

C12H12 + Bra = Ci2HiiBr H- HBr; 
CiaHuBr + KHO = C12H10 + KBr + OHg. 

These reactions show that acenaphthene bears somewhat 
the same relation to ethylnaphthalene that cinnamene bears 
to ethylbenzene, or ethylene to ethane. On oxidation it is 
converted into naphthalic acid: C12H8O4 = CioHg(C02H)2, 
which on distillation with lime yields naphthalene : 

CioH6(C02H)2 + CaO = CioHg + CaCOa 

CnHgn.ie SERIES OF HYDROCARBONS. 

Stilbene or toluyeney C14H12, the only known member of 
the series, is produced on passing the vapour of dibenzyl 
through a red-hot tube, Ci4H,4 = C14H12 + H2. 

Stilbene crystallises in colourless plates which melt above 
100° and boil at 292°. It combines directly with bromine, 
forming stilbene dibromide, C,4Hi2Br2, which is converted 
into tolane, Ci4Hio, by the action of potassic hydrate : 

CuHi2Br2 + 2KHO = CuHio + 2KBr + 2OH2. 

Tolane crystallises in prisms which melt at 60° ; it combines 
with bromine to form a crystalline dibromide, CuHioBrg. 



DipJienylbenzene — Tripkenylmethaiie, 139 

• Stilbene vapour passed through a red-hot tube is partly 
TCsolved into phenanthrene and hydrogen. 

CnH2n_22 SERIES OF HYDROCARBONS. 

Two hydrocarbons of the composition CigHio, namely 
diacetenylbenzene (p. 129) and pyrene, are known. They 
are chiefly remarkable on account of the very large pro- 
portion of carbon which they contain, viz. 95 per cent. 
Pyrene has been isolated from among the solid hydrocarbons 
contained in coal-tar oil ; it ciystallises in colourless plates, 
much resembling anthracene, which melt at 142®. It 
forms a highly characteristic compound with trinitrophenol, 
crystallising in red needles. In chemical behaviour pyrene 
approximates closely to anthracene and chrysene, and is 
converted into pyroquinone, C16H8O2, on oxidation. 

The third hydrocarbon of the series, diphenylbenzene^ 
C6H4(C6H5)2, is one of the products obtained on passing 
benzene vapour through red-hot tubes. It is a white 
crystalline substance melting at 205**; on oxidation it yields 
phenylbenzoic acid — C6H5.C6H4(C02H), which on further 
oxidation is converted into terephthalic 3.c\d — C6H4(C02H)2. 

The remaining member of the series, triphenylmetham^ 
CH(C6H5)3, is formed on heating a mixture of benzylene 
chloride — CHCI2.C6H5 — with mercury phenyl — Hg(CfiH5)2 
— ^in closed tubes to 150^ It is a white crystalline body 
melting at 92*5°. 

C^Qrl2ji__32 SERIES. 

Tetraphenylethylene, 02(06115)4, the representative of 
this series, has been obtained by heating the product of the 
action of phosphorus pentachloride on benzophenone — di- 
phenylketone — with finely divided silver : 

(OeH5)200 + POI5 = (06H5)20Cl2 + POOI3 ; 
2(06H5)2CCl2 + 4Ag = (CeH5)402 + 4Ag01. 

It IS crystalline and melts at about 220°. 



!40 Organic Chemistry. 

Gefieral Review of the Hydrocarbons. — Careful considera- 
tion of the properties and general chemical behaviour of the 
members of the various isologous series of hydrocarbons will 
have shown that certain of the series may be grouped together 
as possessing properties in common which mark them as 
derivatives of a single parent series. 

The three series denoted by the general formulae CnH2n+2> 
.CnH2n and CJ^2n-.2y fo™^ the first group : the two latter are 
obtained from the former by similar operations, and the 
amount of chlorine or bromine^ or other elements, with which 
'they imite directly is equivalent to the amoimt of hydrogen 
removed in their formation from the paraffins ; in fact, they 
are raised again to compounds of the type of the parent 
, series, the paraffins. Thus acetylene, for example, is 
ultimately converted by the action of chlorine into tetra- 
dilorethane, a substitution-derivative of the paraffin ethane. 
From the mono-haloid substitution-derivatives of these three 
series the halogen may be removed and replaced by an 
equivalent quantity of other elements, or groups of elements 
(so-called compoimd radicles), with comparative facility by 
double decomposition. Apparently but few, if any, of the 
hydrocarbons of these series- are convertible into nitro-dtnwz,' 
tives by the direct action of nitric acid, and they are not 
converted into sulphonic adds by the action of sulphuric acid. 

As to the fourth or CnH2n_4 series, if regard only be 
had to the first term (Quintone), obtained synthetically, it 
also may be grouped together with the CnH2n+2> QHan, 
and CnH2n_2 series, since quintone combines readily with 
bromine to form the substituted paraffin, CsHgBrg. Decone, 
however, and the natural terpenes differ very considerably 
in chemical behaviour, and cannot, moreover, be raised to 
compoimds of the paraffin or CnH2n+ 2 type. But it must be 
remembered that our knowledge of the chemical behaviour 
of the CnHsn 2>CnH2n, and CnH2n_2 series is almost con- 
hneA to the lower terms ; littie is known of the terms con- 
taining 8, p, jo, and niore units of caibotv, especially in 



Review of tlie Hydrocarbons. 141 

the case of the two latter series, and the question therefore 
presents itself whether as the series is ascended the proper- 
ties do not become considerably modified, and whether the 
members cf the CnH2n_4 series containing ten or more 
units of carbon, derived directly from the corresponding 
paraffins by the removal of hydrogen by chemical means 
would not differ in behaviour from the lower terms which we 
know, and would not in this respect more closely resemble, 
if they are not actually identical with, the natural terpenes, &c 

The terpenes, although by composition intermediate 
between the CnH2n_6 ^^ CnH2n_2 series of hydrocarbons, 
are in some respects more nearly related to the former : they 
combine with at the most four imits of monad elements, 
being two less than might be expected were they derived 
immediately from the CnH2n_2 series, but exactiy the pro- 
portion required on the assumption that they are derived 
from the CnH2n-6 series — tlie members of which combine 
with six imits of monad elements — by the addition of two 
units of hydrogen. On the other hand, the members of the 
terpene series combine very readily with bromine, hydro* 
chloric acid, &c, and in this respect resemble the ethylene 
and acetylene series, and moreover do not yield nitro- 
derivatives or sulphonic acids. The terpenes are especially 
characterised by their extreme alterability and the peculiar 
action which many of them exercise on polarised light 

The fifth, CnH2n_6 (benzene or aromatic) series, forms, 
after the paraffins, the second great or parent series of hydro- 
carbons, and with it are associated the CnHan.g ^^^ 
CnH2n- 10 series, which bear to it somewhat the same relation 
as that which exists between the paraffin and the ethylene 
and acetylene series. The CnH2n_6 series is particularly 
characterised by the tendency which all its members exhibit, 
although they are by composition eminently unsaturated 
compounds, preferably to form substitution-derivatives, only 
)rielding additive compounds under peculiar conditions, and 
then 012J7 combining at the most with sucYia ^lO^oiNism c& 
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monad elements as to become compounds of the CnHgn type 
(benzene, for example, combines slowly with bromine under 
the influence of sunlight to form CeHgBre). It should be 
mentioned, moreover, that from none of the terms excepting 
benzene have additive compounds with other elements than 
hydrogen been obtained. The formation of nitro-derivatives 
and sulphonic acids from the CnH2n_6 hydrocarbons by the 
direct action of nitric and sulphuric acids respectively is also 
characteristic, and serves to distinguish them from all the 
foregoing series, though not from those containing propor- 
tionately less hydrogen. Their haloid derivatives — those 
obtained from toluene and its homologues by the action of 
chlorine or bromine at the boiling-points of the hydrocarbons 
excepted — are highly stable compounds from which the 
halogen can only be removed with difficulty ; the splitting 
off" of haloid acid by the action of potassic hydrate is never 
observed, and they are even able entirely to withstand the 
operation of fusing with potassic hydrate. 

The discovery of dipropargyl, the isomeride of benzene, 
lends support to the view that a series of hydrocarbons 
isomeric with the aromatic hydrocarbons, but of higher 
energy and consequently more closely allied to the CJl^n 
and CnH2n_2 series in chemical behaviour may exist. 

The hydrocarbons of the CnH2n_8 s-nd CnH2n_io series 
are so related to those of the CJl^a _ 6 series that they unite 
with bromine, &c., to form additive compounds of the 
CnHgn.e type, which appear to be incapable of further 
uniting with bromine, &c., and act as saturated compounds 
yielding substitution-derivatives, &c. These additive com- 
pounds differ, however, from those got from benzene, and 
those got from its homologues by the action of the halogens 
in the cold or in presence of iodine, inasmuch as the halogen 
may be removed from them without any great difficulty. 

Naphthalene, anthracene, and chrysene may be regarded 

as representatives of the third, fourth, and fifth parent series, 

and doubtiess ere long Sub^idSjiX^ series will be discovered 
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related to these in the same way as are the CnH2n and 
CnH2a_2 series to the paraffins and the CnHan-g and 
CnHan^iQ series to the benzene series. It will have been 
observed that each of these series is more or less character- 
ised by special properties, and it is especially noticeable 
that aU the series from the naphthalene series upwards 
combine, if they form additive compoimds at all, with much 
less bromine, &c., than will convert them into bodies of the 

CnHja + 2 type. 

Peculiar to several of these series (naphthalene, anthracene, 
chrysene, pyrene, &c.) is that when oxidised under certain 
conditions they peld quinones, which are bodies formed by 
the removal of two units of hydrogen and its replacement 
by twice the equivalent amount, or two units, of oxygen 

Less interest attaches at the moment to the hydrocarbons 
isologous with the benzene series, simply by reason of the 
fact that, until recentiy, they have shared the attention of 
chemists to a far less extent. It may be expected, however, 
that in the course of the next few years a rich harvest of 
results will be reaped by their investigation. 



CHAPTER VI 

ALCOHOLS. 



By virtue of their modes of formation, the alcohols may be 
regarded as a class of bodies derived from the hydrocarbons 
by the substitution of hydrogen in the latter by the monad 
radicle hydroxyl, (OH). They may be termed tnonohydricy 
dihydricy trihydric^ &c, according to the liumber of units of 
hydrogen thus supposed replaced in the parent hydrocarbon. 

CnHgn+i-OH, OR ETHYLIC SERIES OF MONOHYDRIC ALCOHOLS. 

The alcohols of this series are derivatives of the paraffins ; 
the following terms are known : — 
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Methylic alcohol 

Ethylic 

Propylic 

Tetrylic or butylic alcohdl 

Pentylic or amylic „ 

Hexylic alcohol 

Heptylic 

Octylic 

Nonylic 

Cetylic 

Cerotic 

Melissic 






CH3.0Ii 

C2H5.OI 

C3H7.OI5 

C4HS.OH 

CsHu.O* 

CsHig.OK 

CgHj-jr.OH 

C9H19.0H 



The isomeric alcohols of the series, of which a consi 
able number exist, are divisible into the three group: 
primary y secondary^ and tertiary alcohols. Each 6i tl 
groups is especially characterised and distinguished from 
others by the behaviour on oxidation ; moreover the boil 
points of the primary alcohols are always higher than th( 
of the corresponding secondary, and the boiling points 
the latter higher than those of the corresponding tertit 
alcohols. 

A systematic descriptive nomenclature for these alcohc 
has been proposed by Professor Kolbe, who applies to the 
the generic name of carhitiols. The first term, methyl 
alcohol, is called carbinol^ and the homologous alcohols at 
regarded as derived from it by the replacement of hydroge: 
by monad radicles of the form CaH2n+i; thus ethylii 
alcohol is methylcarbinol — CH3.CH2.OH, propylic alcohOi 
is ethylcarbinol — C2H5.CH2OH, &c. Those alcohols 
which, by reason of their modes of formation, may. be re- 
garded as derived from carbinol by the substitution of only 
one imit of hydrogen in it, by a monad group of the form 
CnH2n + i» are termed primary alcohols; if the replacement 
occur twice, a secondary alcohol is produced ; finally, if all 
three units of hydrogen in Qaxbinol aie replaced by three 
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such groups, a tertiary alcohol results. The three classes 
of monohydric alcohols of the ethylic series may thus be 
represented by the following general expressions : , 

CH3.OH. 

CarbinoL 

CHj(C„Hj„+,)-OH; CH(C„H2„+,)a.0H} C(C„Hj„+,)3;0H. 

Primary CarbinoL Secondary Carbinol. Tertiary Carbinol. 

GENERAL METHODS OF FORMATION OF THE ALCOHOLS 

OF THE CnHgn+i-OH SERIES, 

Normal Primary Alcohols, C(CnH2n + i)H2.0H. — i. The 
normal primary paraffins are converted by the action of chlo- 
rine into monochlorinated derivatives ; the monochlorinated 
paraffins thus produced are acted upon by argentic or potassic 
acetate, and tiie ethereal salts so formed then saponified by 
potassic hydrate, whereby the required alcohols and potassic 
acetate are produced : 

CnH2n+2 + ^2 = C^Han+lCl + HCl J 

CnHg^+iCl + AgCaHaOa = QHa^ + i.CaHgOa + AgCl ; 

CaH2n+ i-CgHsOa + KHO = CnHan+l.OH -f- KC2H3O2. 

It is to be remembered, however, that two isomeric mono- 
chlorinated paraffins are usually produced simultaneously 
by the action of chlorine on a normal primary paraffin 
(p. 85). Only one of these — that of higher boiling-point — 
yields a normal primary alcohol ; that of lower boiling-point 
yields a normal secondary alcohol. 

2. The action of nascent hydrogen (sodium amalgam) 
on the normal primary aldehydes of the acetic series : 

CnH2n+l«C0H -h H2 = CnH2n+ I'CHj.OH. 

This method affords the means of ascending the series of 
normal primary alcohols. Thus methylic alcohol may be ob- 
tained from formic aldehyde: HCOH + HjaCHj.OH, and^ 
may then be converted into iodomethane, CH3I, by tjie action 
of hydriodic acid; from which, by the aetVoii oi ^\as€\c 
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cyanide, cyanomethane, CH3.CN, is obtained. Cyanomethane 
is converted by digestion with sodic hydrate into sodic acetate : 

CH8,CN + NaOH + OH, - CH3.C0aNa + NH3, 

which on distillation with sodic formate yields acetic aldehyde: 
CHyCOaNa + HCOjjNa = CH3.COH + NajCOj. 

Finally, by the action of nascent hydrogen on acetic aldehyde, 
ethylic alcohol is obtained: CH3.COH + H3 = CH3.CH2.0H. 
In like manner, ethylic alcohol may be converted into primary 
propylic alcohol, and this again into primary butylic alcohol, &c. 

3. The action of nascent hydrogen on the anhydrides of 
the normal primary acids of the acetic series : 

QHaiit '.Co}° + 4H2 = 2CnH2„+i.CH2.0H + OHg. 

Isqprimary Alcohols, — ^These are isomeric with the nor- 
mal-primary alcohols, than which they invariably possess 
lower boiling-points. They are produced by the action of 
nascent hydrogen on the isoprimary aldehydes of the 
CnH2n4.iCOH series. Several are obtained as by-products 
in the manufacture of ordinary alcohol by fermentation. 

Normal Secondary Alcohols^ C(CnH2n+i)2H.OH. — ^These 
are prepared by the action of nascent hydrogen on the 
normal primary ketones of the form CO (CnH 20+1)2 : 

CO(CnH2n+i)2 + H2 = C(CnH2n+i)2H.OH. 

The ketones isomeric with the normal primary ketones 
yield isosecondary alcohols. Normal secondary alcohols 
are also formed from the normal primary paraffins (p. 145). 

Tertiary Alcohols, C(CnH 211+1)3. OH. — These are obtained 

by the action of the zinc organo-metallic compounds on the 

acid chlorides of the form CnHjn+i.COCl, the product being 

sdlowed to stand some time and then treated with water. A 
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series of reactions occur, the first of which appears to consist 
in the formation of a ketone, thus : 

QHa^+iCOCl + Zn(C,H2,+i)2 = CO(C^H2^+i)2 + 

ZnClCnH2n+i, 

which then unites with a further portion of the zinc compound : 

CO(C,H2n+i)a + Zn(C,H2n+,)2 = C(C„H2,+i)8(OZnC,H2n+i); 

and in the last stage the compound thus formed is converted 
by the water into a tertiary alcohol, a paraffin, and zincic 
hydrate : 

C(C^H2n+i)3(OZnC,H2n+i) + 2OH2 = C(aH2n+i)3.GH 

+ C^H2,+2 + Zn(OH)a. 

According to the nature of the zinc compound and of the acid 
chloride, either normal or iso-tertiary alcohols are obtained. 
Other general methods of preparing alcohols of the 
CnH2n+i.0H series, but which sometimes give rise to the 
formation of primary, sometimes to the formation of second- 
ary or tertiary alcohols, are the following : — 

1. The action of nascent hydrogen on the chlorinated 
alcohols formed by the direct union of the olefines with 
hypochlorous acid : 

CnHsn + ClOH = C^H2„C1.0H ; 
C^Hs^CLOH + H2 = C,H2„+,.0H + HCl. 

2. The action of water on the products of the direct union 
of the olefines with concentrated sulphuric acid : 

CnH2n + H2SO4 = CnH2n+l.HS04 \ 
CnH2n+l'HS04 + OH2 = CnH2n+l.0H + H2SO4. 

3. The action of potassic or argentic acetate on the 
moniodo-paraffins obtained by the union of the olefines with 
hydriodic acid, and subsequent saponification of the ethereal 
salts thus formed by potassic hydrate, 

L 2 
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4. The decomposition of the nitrites of the amine bases 
by application of heat to their slightly acidulated solutions : 

CnH2„+iNH3(N02) = C,H2„+i.0H + N^ + OHg. 

GENERAL PROPERTIES OF THE ALCOHOLS OF THE 

CnHgn+l-OH SERIES. 

The first nine members of the series are colourless liquids 
at ordinary temperatures ; * methyliq, ethylic, and propylic 
alcohols are extremely mobile fluids, soluble in water in all 
proportions, but the higher members are more or less oily, 
the viscidity increasing, and the solubility in water rapidly 
decreasing as the series is ascended ; the specific gravity 
also increases as the alcoliols become more complex. They 
all possess more or less characteristic odours. 

Behaviour on Oxidation, — Primary Alco/iols, — ^The oxida- 
tion of the primary alcohols occurs at two stages: at the first, 
an aldehyde is produced, which on fiuther oxidation is con- 
verted into an acid of the acetic series containing the same 
number of imits of carbon as the alcohol oxidised : 

CnH2n+l»CH2.0H + O = CnH2n+i'C0H + OH2. 

Primary alcohoL Aldehyde. 

CnHgn+j.COH + O = CnH2n+i.C02H. 
Aldehyde. Acid. - 

In most cases also a portion of the acid reacts at the 
moment of formation on the alcohol under oxidation, to 
form an ethereal salt (a so-called compound ether), thus : 

CnH2n+i.C02H + CjiH2n+l.0H ^ OH2 + 
Add. AlcohoL 

CnH2n+l-C02(CnH2n4.i). 

Ethereal salt 

The primary alcohols therefore may furnish three distinct 

' Trimetbylcarhinolj and a few other tertiary alcohols are crystalline 
soJ/ds, 
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products on oxidation ; the relative proportions in which 
these are obtained depends entirely on the conditions of 
experiment: on the temperature, on the nature of the 
oxidiser employed, on the amount of water present, and 
also probably on the nature erf the alcohoL 

Secondary Alcohols, — Secondary alcohols are invariably 
converted into ketones, and by the continued action of the 
oxidiser, these latter are resolved into one or more acids of 
the acetic series, containing,^a/<fr units of carbon than the 
alcohol oxidised (see ketones) : 

C(QH2„+i),H.0H + O = OH, + COCQH^+i),. 

Secondary aScohoL Ketone. 

CO(CnH2n+l)2 +03 = CnH2n+l-C02H + CnHanOj. 
Ketone. Acid. Add. 

Tertiary Alcohols, — ^A number of these are resolved on 
oxidation into a ketone and an acid of the acetic series : 

C(QH2n+l)3.0H + O3 = CO(CnH2n+l)2 + QH^^O^ 

Tertiary alcohoL Ketone. Add. 

This is in all probability the normal reaction, although 
the formation of a ketone as first product has not been 
demonstrated in all cases ; but that this should have some- 
times escaped observation is not surprising, since the ketones 
are themselves readily oxidised. The sole products ob- 
tained from certain of the tertiary alcohols have been, in 
fact, a mixture of acids of the acetic series (compare p. 216). 
The three classes of isomeric alcohols axe therefore readily 
distinguished by the behaviour on oxidation, for whilst the 
primary alcohols yield an aldehyde, and (as final product) ; 
an acid containing the same number of units of carbon as ; 
the parent alcohol, the secondary alcohols yield a ketone ' 
containing the same number of units of carbon as the 
alcohol oxidised, which is resolved, on further oxidation, into 
an acid (or mixture of acids) containing fewer units of 
carbon than itself, and the tertiary alcohols either furnish 
a ketone//^ an aad, or a mixture of acids, oi ^'^ ;x.cfe>ctf:. ^<^<^su 
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Other Reactions of the Alcohols of the CnH2n+i.0H Series. — 
They are readily attacked by potassium or sodium with 
evolution of hydrogen and formation of metallic derivatives : 

2QH2n+i.OH + Naa = 2C^H2n+i.ONa + Hg. 

These bodies are decomposed by water : the alcohol is 
reproduced, and a metallic hydrate is formed : 

CnHan+i-ONa + OHj = QHaa+i-OH + NaHO. 

2. They react with nearly all the oxacids to form ethereal 
salts (compound ethers), e.g. : 

CnHan+i.OH + HNO3 = C,H2„+,.N03 + OH2. 

3. By the action of various dehydrating agents, such as 
zincic chloride, sulphuric acid, &c., at moderate tempe- 
ratures on these alcohols, the elements of water are with- 
drawn, and the corresponding olefines obtained : 

CnH2n+i'0H s= OH2 + CnH^n. 

4. They are invariably converted by the action of the 
haloid acids, or of the haloid phosphorus compounds, into 
mono-haloid derivatives of tlie corresponding paraffins : 

CnH2n+i.0H + HI = CaH2n+iI + OH2. 

SCnHg^^i.OH + PBra = 3CnH2n^iBr -h PH3O3. 
C„H2n+,.0H + PCl5=C,H2„^,CH-POCl3 + HCl. 

3CnH2„M.OH + POCI3 = 3CnH2n^lCl + PH3O4. 

5. On distilling them with phosphoric pentasulphide, the 
corresponding thio-alcohols (mercaptans) are produced : 

5CnH2n+i.OH + P2S5 = sCnHan+l-SH + P2^5' 

Methylic Alcohol or Carbinol {Wood or Pyroxylic 

Spirit), CH4O = CH3.OH. — No isomeric modifications of 

this, the first ijiember of the series, are known. It has been 

prepared by the first and second general methods from 

methane and formic aldehyde, and by the following special 

taethods, ' 
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1. Hydrocyanic acid is converted by the action of nascent 
hydrogen into methylamine : 

HCN + 2H2 = H3C.H2N, 

and the nitrite of this base is decomposed by boiling its 
acidulated aqueous solution : 

CH3.H3N(N02) = CH3.OH + N2 + OH2. 

2. By saponification of wintergreen oil (the essential oil 
of GaultJieria procumhens) with potassic hydrate: 

Methylic salicylate. Potassic salicylate. 

C6H4(OH).C02.CH8 + KHO = C6H4{OH).C02K + 

CH3.OH. 

The chief source of methylic alcohol, however, is crude 
wood vinegar, the watery liquid obtained by destructive 
distillation of wood. Hence the name 7vood or pyroxylic 
spirity which is often applied to this alcohol. 

The watery liquid is distilled, and the more volatile portion 
which first passes over is collected apart ; this distillate is 
neutralised with slaked lime, the clear liquid is separated from 
the excess of lime, and from the oil which floats on its surface, 
and Is redistilled, and the product several times rectified over 
quicklime, at the heat of the water-bath. Pure alcohol is 
obtained from this comparatively crude product, by dissolving 
calcic chloride in it, with which it unites to form a crystalline 
compound, CaCla,2CH40. After pouring off any oily liquid 
from the solid cake which forms, the latter is heated for some 
time on the water-bath, in a current of carbonic anhydride, or is 
strongly pressed between folds of bibulous paper ; finally, water 
is added (which decomposes the compound CaClj, 2CH4O) and 
the alcohol distilled off ; if necessary, this is again converted 
into the solid compound, &c. The aqueous alcohol thus obtained 
is rendered anhydrous by rectifying, first over quick lime, and 
then over dehydrated cupric sulphate. The pure alcohol may 
also be obtained by converting the crude aicoYio\ \tsX.o tcvrJOo^Xxs:. 
oxalate^ QO^(CHs)2, a solid substance wYi\c\i Vs x^^i^St^ ^\sxv^^^ 
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by recrystallisation, by distilling a mixture of equal parts of the 
alcohol, sulphuric acid and oxalic acid ; the purified oxalate is 
then decomposed by water, the alcohol distilled off, &c. 

Pure methylic alcohol closely resembles ordinary or ethylic 
alcohol in odour and taste, but the crude alcohol has an 
extremely offensive smell and taste. It possesses all the 
solvent properties of ordinary alcohol, and is therefore 
largely substituted for it in various industrial processes. 
It boils at about 66^. 

Methylated spirit is a mixture of 90 per cent ethylic alcohol 
(sp. gr. about '83) with 10 per cent partially purified wood spirit ; 
this mixture may be employed for the greater number of purposes 
for which alcohol is ordinarily used, at the same time it cannot 
be separated into its constituents by distillation, and it is ren- 
dered quite unfit for consumption by the small admixture of 
impure wood spirit, in consequence of which it is allowed by the 
legislature to pass duty free. 

Ethylic Alcohol, or Methylcarbinol {Alcohol, Spirit 
of Wine): C2HeO=C2H5.0H=CH3.CHa.OH.— -Isomerides 
of this alcohol are also imknown. It has been prepared by 
the general methods from ethane, acetic aldehyde, and acetic 
anhydride, and by the four additional methods referred to on 
pp. 147-148. The greatest interest attaches to the formation 
of alcohol from ethylene, since ethylene maybe prepared from 
acetylene, which is the only known hydrocarbon that can be 
obtained by the direct union of its elements. The synthesis is 
effected by combining the ethylene with sulphuric acid, and 
subsequently distilling the product — hydric ethylic sulphate, 
sulphovinic cuid — ^with water : 

C2H4 + H2SO4 = C2H5.HSO4 ; 
C2H5.HSO4 + OH2 = C2H6.OH + H2SO4. 

The combination of ethylene with sulphuric acid takes place 
very slowly, it is therefore necessary to enclose the former, 
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together with a sufficiency of the latter, in a capacious glass flask, 
and to agitate violently for a considerable time. 

On the large scale alcohol is always prepared by the fer- 
mentation of sugar. When a solution of cane-sugar, or 
grape-sugar (glucose — CeHjaOg) is mixed with beei yeast, a 
peculiar change, technically called fermmtation^ is induced, 
whereby the glucose is resolved into alcohol and carbonic 
anhydride: C6H12O6 = 2CO3 + 2C2H6O. Cane-sugar is 
first converted into glucose by the assumption of water : 

Ci2H220ii + OH2 = 2C5Hi20e. 

The spirit first obtained by distilling a fermented saccharine 
liquid is still largely diluted with water ; by redistilling and 
collecting apart the first portions which pass over, a stronger 
spirit may be obtained, but, practically, one containing less than 
13 or 14 per cent of water is never prepared by rectification 
alone. Rectified spirit of wine of commerce (sp. gr. '835) has 
about this strength ; proof spirit has a specific gravity of '9198 
at 15*5® C. (60° F.), and contains 49J per cent, of real alcohol. 
Pure or absolute alcohol may be obtained from spirit of wine by 
allowing it to remain for some days in contact with freshly 
burnt lime, and then distilling it off by the heat of a water-bath ; 
or the dehydration may be more rapidly effected by digesting the 
spirit, at its boiling-point, with the lime, in a retort connected 
with a condenser to prevent volatilisation and loss of alcohoL 

Pure alcohol is a colourless, highly mobile liquid of pungent 
and agreeable taste and odour ; it has a specific gravity of 
•7938 at 15*5® C. It is very inflammable and bmns with a 
pale-bluish, scarcely luminous, smokeless flame. Alcohol 
boils at 78°*4 under a pressure of 760 mm. of mercury ; it 
has never yet been frozen, hence its employment in the manu- 
facture of thermometers to indicate very low temperatures. 
It is an extremely hygroscopic substance, attracting moisture 
with great avidity ; it is miscible with water in all proportions, 
and in the act of dilution heat is evolved, and contractiorL<iC 
volume occurs. . 
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A very careful series of determinations of the specific gravity, at 
various temperatures, of solutions containing known quantities 
of alcohol and water, both by volume and by weight, have been 
made, and from these tables have been constructed, which are 
to be found in all the larger works on chemistry. In practice, 
the percentage of alcohol in a given aqueous solution is always 
thus ascertained by determining its specific gravity at a known 
temperature, and then referring to such a table of strengtFis. 
Hydrometers are also constructed with scales marking directly 
the percentage of alcohol by volume, and sometimes also by 
weight, of the spirit in which they are immersed. Such instru- 
ments are known as alcoholometers. 

Alcohol enters into combination with certain salts to form 
crystalline compounds termed cUcoholates^ which are salts 
containing alcohol in the place of water of crystallisation. 
Such are the following : 

ZnCl2,2C2H60 ; CaCl2,4C2H60 ; Mg(N03)2,6C2H60. ' 

These alcoholates are decomposed by water. 

Potassium and sodiiun dissolve in alcohol with evolu' 
tipn of hydrogen : 2C2H5.OH + Na2 = 2C2H5.0Na + Hg. 
By employing an excess of alcohol, sodic ethylate may be 
obtained crystallised combined with alcohol in the propor- 
tions indicated by the formula, C2H6.0Na,3C2H60. 

On oxidation alcohol is converted into aldehyde, C2H4O, 
and finally into acetic acid, C2H4O2. 

Chlorine is rapidly absorbed by anhydrous alcohol with 
considerable evolution of heat ; the chief end-product is 
chloral alcohokUe, but a number of intermediate and also of 
secondary products are obtained, the formation of which 
may be traced as follows ; — 

By the first action of the chlorine, a portion of the alcohol is 
converted into aldehyde, and probably this conversion occurs at 
two stages, as represented by the following equations : 

i)CH3.CH2.0H + CI2 = CH3.CH3.OCI + HCl, 
2)CH^,CH^,0Q\ = CHs.COH + HCL 
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The aldehyde thus formed unites, partially at least, with a 
further portion of alcohol, forming acetal : 

CH3.COH + 2C3H5.OH = CH3.CH(OC3H5)a, 

which by the continued action of the chlorine is successively 
converted into mono-, di-, and trichloracetal : 

CHyCHCOCaH Ja + 3CI3 = CClyCHCOCjH^). + 3HCI. 

Acet^ TricfailoracetaL 

Finally, the latter is acted upon by the hydrochloric acid 
generated in the previous reactions, (or in part perhaps by water) 
and converted into chloral alcoholate and monochlorethane : 

CCl3.CH(OCaH5)3 + HCl = CCI3.CH.OH.OC3H5 + Q^YifX. 

Simultaneously with these occur the following reactions. 
The hydrochloric acid which results from the first action of the 
chlorine on the alcohol partially converts the latter into mono- 
chlorethane : CaHs.OH + HCl-CaHgCl + OHg, and this at the 
moment of formation combines with a portion of the aldehyde 
produced, and yields /«^«^chlorinated ethylic ether : 

CH3.COH + C2H5CI = CH3.CHCLOC2H5, 

which, by the continued action of the chlorine, is ultimately con- 
verted into tetrachlorinated ether, CCI3.CCI.OC2H5 The pro- 
duct of the action of chlorine on alcohol also contains some 
chloral hydrate, CCl3.CH(OH)2, formed either by the action of 
hydrochloric acid or water (or more probably of both) on the 
chloral alcoholate, or by the action of water [which is itself 
produced in the reaction] on the tetrachlorinated ether. 

The secondary products consist mainly of chlorinated deriva- 
tives of monochlorethane, CgHgCl. 

The product obtained in the preparation of chloral hydrate 
by the action of chlorine on alcohol containing more or less 
water, is therefore extremely complex, but since chloral alco- 
holate and tetrachlorinated ether are readily resolved into 
chloral and alcohol, or chloral and monochlorethane, by the 
action of concentrated sulphuric acid, pure chloral hydrate is 
readily obtained by first thus separating the chloral, and sub- 
sequently converting it into the hydrate by mixing it with 
water. It is necessary at first to cool lYie aXcc^vOi, >dwX ■aSxsx- 
wards the action must be assisted by tlie appWc^xXcAx cA V^'a^ 
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Propylic Alcohol C3H7.OH. — ^Two isomeric modifica- 
tions of this alcohol are known, distinguished as normal 
propylic alcohol or ethylcarbinol, C2H5.CH2.OH, and iso- 
propylic alcohol or dimethylcarbifwly C(CHg)2H.0H. The 
former of these is a primary and the latter a secondary alcohol. 

Normal propylic alcohol has been isolated from the mixture 
of alcohols produced on fermentation of various kinds of 
grain, and it is especially abundant in the spirit obtained on 
distillation of cider. It has been synthesised by all the 
general methods mentioned on pp. 145-146. 

It is converted into propionic aldehyde and propionic 
acid on oxidation : 

C2H5.CH2.OH + 02 = OH2 + C2H5.COH ; 
C2H6.COH + O = G2H5.CO2H. 

Isopropylic alcohol is also produced, it is said, on fermenta- 
tion of grain. It is obtained from acetone by the action of 
nascent hydrogen : CO{CH3)2 + Hj = C(CH8)2H.OH ; 
from propylene, C3H6, by combining it with sulphuric acid 
and distilling the resulting compound with water : 

C3H6 ^" H2SO4 = C3Hy.XlS04 'y 

C3H7.HSO4 + OH2 = C3H7.OH + H2SO4 ; 

and by the action of nascent hydrogen on dichlorhydrin^ a 
product of the action of hydrochloric acid on glycerin : 

C(CH2.0H)2H.OH + 2HCI = C(CH2C1)2H.0H + 2OH2; 
C(CH2C1)2H.0H -f 2H2 = C{CH3)2H.OH + 2HCI. 

Isopropylic alcohol is converted into acetone on oxidation : 
C(CH3)2H.OH + O = CO(CH3)2 + OH2, 

which by the continued action of the oxidiser is resolved 
into acetic acid, carbonic anhydride, and water : 

CO(CHs)2 + 2O2 = CH3.CO2H + CO^ -V OHv 
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Isopropylic alcohol forms with water several hydrates of 
considerable stability ; it is impossible, for instance, to dehy- 
drate it with anhydrous cupric sulphate, one of the most powerful 
desiccating agents at the chemist's disposal. One of these 
hydrates, 2C3HgO,OH3, has the same percentage composition 
and very nearly the same boiling-point as ethylic alcohol. 

Relation of Propylic to Isopropylic AlcohoL-r-On the one 
hand the primary alcohol is convertible into propylene, 
CaHg, from which, it has been shown, isopropylic alcohol is 
obtainable ; on the other the j3-iodopropane formed on 
treating isopropylic alcohol with hydriodic acid is converted 
into propane by the action of nascent hydrogen, and this 
propane may be changed by the first general method (p. 145) 
into normal propylic alcohol. 

Tejrylic or BuTYLic Alcohol, C4H9.OH. — Four iso- 
meric modifications of this alcohol exist, namely : — 

Normal primary butylic alcoholt b.-p. 

Propylcarbinol CHa^CHa.CHa.CHapH) 116^ 

Iso-primary butylic alcohol. 

Isopropylcarbinol CH(CH3)2.CH2(OH) 109° 

Secondary butylic alcohol. 

Methylethylcarbinol C(CH3)(C2H5).CH2(OH) 99^ 

Tertiary butylic alcohol 

Trimethylcarbinol C(CH3)3(OH) . . 82°'5 

The normal primary alcohol has been obtained by the 
three general methods (pp. 145-146), It yields normal 
butyric acid on oxidation : 

C3H7.CH2(OH) + 02 = C3H7.CO(OH) + OH2. 

Isoprimary butylic alcohol is present in considerable quan- 
tity in the fermentation-product of sugar-beet molasses, from 
which it may be isolated by careful fi^ctional distillation. 
It is converted into isobutyric acid on oxidation : 

CH(CH5;^.CH,(0H) + Oj =: CHi^C^^v^O^^Vi^- 
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Secondary butylic alcohol has been obtained by saponi- 
lying the acetate formed from the iodotetrane which is pro- 
duced by distilling erythrite with hydriodic acid : 

C4He(OH)4 + 7HI = C4H9I + 40Hj + 3I2. 
C4H9I + AgCaHsOg = C4H9.C2H8O2 + Agl. 

C4H9.C2H3O2 + KHO = C4H9.OH + KC2H.3O2. 

« 

On oxidation it is converted into methykthylketoney which 
on continued oxidation yields acetic acid : 

C(CH3)(C2H5)H.OH + O = CO(CH3)(C2H5) + OH2 ; 
CO(CH3)(C2H6) + 03 = 2C2H4O2. 

Tertiary butylic alcohol is prepared by slowly adding 
acetic chloride to well-cooled zincic methide, and adding 
water to the product after it has stood several days. The 
first action evidently takes place in two stages, thus : 

CH3COCI + Zn(CH3)2 = CO(CH3)2 + ZnCH3Cl, 
CO{CH3)2 + Zn(CH3)2 = C{CH3)3(OZnCH3) ; 

since if the water be added immediately the whole of the 
chloride is introduced, acetone alone is obtained. The 
subsequent action of water is represented by the equation : 

C(CH3)3(OZnCH3) + 2OH2 = C(CH3)3.0H + CH4 + 

Zn(H0)2. 

The oxidation-products of trimethylcarbinol are /Vt7butyric, 
acetic, and formic acid, acetone, isobutylene, carbonic 
anhydride, and water. 

The primary reaction doubtless consists in the formation of 
acetone and formic acid : 

C(CHs)3.0H + 03 = C0(CH3)a + CHj^O, + OHj. 

The former is rapidly further oxidised to acetic acid, &c., and 

the latter to carbonic anhydride and water. The isobutylene is 

the product of a secondary reaction, whereby the alcohol is 

resolved into isobutylene and water: C4HyOH-OH^+C4H8, 
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ard which is probably the result of the dehydrating action ex- 
ercised by the svdphuric acid employed in the oxidising mixture. 
It is difficult to account satisfactorily for the formation of iso- 
butyric acid ; it must be regarded as the product of an isomeric 
change which cannot at present be traced. 

Relations of the Isomeric Butylic Alcohols. 

1. If normal primary butylic alcohol be converted into 
butylamine, C4H9.H2N, and the nitrite of this base be de- 
composed by boiling its acidulated aqueous solution, iso- 
primary butylic alcohol is obtained. 

2. By a repetition of this process on the alcohol thus 
formed, it is converted into tertiary butylic cUcohoL 

3. a-Iodotetrane obtained by the action of hydriodic 
acid on normal butylic alcohol yields on treatment with an 
alcoholic solution of potassic hydrate, a butylene which com- 
bines readily with hydriodic acid, but the product (y-iodo- 
tetrane)^ is isomeric with the iodotetrane used at starting, 
being convertible by the ordinary method into secondary 
butylic alcohol, 

4. Isoprimary butylic alcohol may be converted into the 
tertiary alcohol by a variety of methods ; thus, for example, 
the /3-iodotetrane obtained from it by the action of hydriodic 
acid yields a butylene on treatment with an alcoholic 
solution of potassic hydrate which combines readily with 
concentrated sulphuric acid and with hydriodic acid ; if the 
product with sulphuric acid be distilled with water, or if the 
product with hydriodic acid be caused to act upon argentic 
acetate, and the resulting acetate be saponified by potassic- 
hydrate, tertiary butylic alcohol results. 

5. The butylene obtained by heating tertiary butylic 
alcohol with hydriodic acid, and decomposing the resulting 
^-iodotetrane by potassic hydrate, combines directly with 

5 a-Iodotetrane boils at 1 29° '5; /3 iodotetrane at 122°*$; vio^*^ 
tetrane at Ii60-I20°; 5-iodotetrane at 9S®-99^. 
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h)rpochlorous acid ; the resulting monochlorinated butylic 
alcohol is converted into isoprimary butylic alcohol by the 
action of nascent hydrogen. 

Pentylic, or Amylic Alcohol, CsHn-OH. — We are at 
present acquainted with six isomeric modifications of this 
alcohol, four of which are obtained by purely synthetic 
methods, and are comparatively little known. 

Isoprimary amylic cUcohol or isohutylcarhinol is the chief 
constituent of the fusel oil * obtained in the manufacture 
of spirit by fermentation of grain and potatoes. Ordinary 
fusel oil, however, contains two isomeric modifications, 
which scarcely differ (if at all) in chemical properties, but 
are distinguished by their behaviour towards polarised light, 
the one having no action, the other rotating the ray con- 
siderably to the left The boiling-points of these two alcohols 
differ by at most 2°, that of the inactive being 129°-! 30°, 
that of tiie active about 128°. 

They are separated by acting upon the mixture with con- 
centrated sulphuric acid, and converting the hydric amylic sul- 
phates produced (CjH^.OH +,113804 = C^Hn.HSO^ + OH2) into 
baric salts. The baric salt of the product from the active alcohol 
being about 7.\ times more soluble in water than the correspond- 
ing inactive derivative, the mixed salts may be separated by 
repeated recrystallisation, and the pure alcohols then obtained 
bv distilling the pure baric salts with dilute sulphuric acid, &c. : 

(C^HjiSOJaBa + 20Ha = 2C5H„.0H + BaSO^ + H3SO4. 

It is said that the active alcohol becomes optically inactive 
when repeatedly distilled over sodic hydrate. 

Both modifications yield a valeric acid on oxidation : 

C4H9.CH2(OH) + 02 = C4H9.CO(OH) + OH^. 

The acid from the inactive alcohol is optically inactive; 
that from the active alcohol is strongly dextrorotary. The 

' Fusel oil is the portion, of higher boiling-point than ethylic alcohol, 
^parated from the crude product of feraientation by distillation. 
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two adds are further distinguished by the fact that the 
former yields a crystalline baric salt, whereas the baric salt 
prepared from the active acid cannot be obtained in the 
crystalline condition. 

The inactive alcohol is undoubtedly correctly represented 
by the formula CH(CH3)2.CH2.CH2(OH), since the valeric 
acid which it yields on oxidation may be obtained from 
isopropylcarbinol (see valeric acid). The nature of the 
active alcohol has not yet been established. 

Cetyli€ Alcohol^ Cj^Hjj.OH ; Cerotic or Cerylic Alcohol^ 
C^^H^.OH : and Melissic Alcohol^ CjqH^i.OH, which are re- 
spectively obtained by saponifying spermaceti (cetylic palmi- 
tate), Chinese-wax (cerylic cerotate), and myricin (melissic 
palmitate) — the portion of common bees -wax insoluble in boiling 
alcohol, are white crystalline substances. They exchange (OH) 
for CI when acted upon by PCl^, and yield the corresponding 
acids of the CnH,„ + ^.COgH series on oxidation ; on distillation 
they are partially resolved into water and the corresponding 
olefine. 

CnH2a_i.0H, OR VINYLIC SERIES OF MONOHYDRIC 

ALCOHOLS. 

The alcohols of this series bear the same relation to the 
defines that the alcohols of the ethylic series bear to the 
paraffins. Two only are known : vinylic alcohol, C2H3.OH, 
and allylic alcohol, C3H5.OH. 

Vinylic Alcohol is said to be produced by combining 
acetylene with sulphuric acid, and distilling the product 
with water. We are not acquainted with its properties. 

Allylic Alcohol, C3H5.OH = CH2.CH.CH2(OH).— 
Preparation. — i. From allylic iodide, C3H5I, the product of 
the action of phosphorus iodide on glycerin (see glycerin). 

The iodide is converted into allylic oxalate, {^Z^^jZ^O^^ by 
acting upon it with argentic oxalate, AgjCjO^, and the oxalate 
decomposed by ammonia, whereby allylic aico\io\ axA cs^RasKv^^ 
are produced : (C^H^^C^O^ + 2N H3 = iC^HyOU -v C^O ^ ^ « 

M 
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2. By heating glycerin with oxalic acid. In the first place 
the oxalic acid, H2C2O4, is resolved on heating into carbonic 
anhydride and formic acid ; the latter then reacts on the 
glycerin to produce moiioformin : 

C3H5(OH)3 + HCO2H « OH2 + C3H5(OH)2(O.HCO), 

which, on further heating, splits up into water, carbonic 
anhydride, and allylic alcohol: 

C3H.(OH)2(O.HCO) -^ OH2 + CO2 + C3H5.OH. 

The mixture of four parts of glycerin and one part of oxalic 
acid is heated in a retort provided with a thermometer and 
connected with a condenser, the receiver being changed when 
the temperature rises to 195°, and the distillation continued 
from that point to 260°, When ordinary commercial oxalic acid 
is employed, a small quantity (about one per cent.) of ammonic 
chloride is added. The distillate, a mixture of aqueous allylic 
alcohol and other products, is rectified, digested with potassic 
liydrate, distilled, dried over potassic carbonate, again digested 
with potassic hydrate, redistilled, and freed from the last traces 
of water by rectification over anhydrous baryta. A fair yield of 
the alcohol is obtained by this method. 

Allylic alcohol is a colourless liquid of sharp, irritating 
odour, miscible in all proportions with water ; sp. gr. '8709 
at 0° ; boiling-point 96°. It is not affected by nascent hy- 
drogen (from sodium amalgam and water), but yields normal 
propylic alcohol, together with oxidation-products, when 
heated to 150° with potassic hydrate. On oxidation, allylic 
alcohol yields acrolein^ C2H3.COH, formic acid, and carbonic 
anhydride. It exchanges (OH) for CI, Br, I, &c.,^ when 
acted upon by the haloid acids, or haloid phosphorus 
compounds, and reacts with sulphuric acid to form hydric 

^ The haloid derivatives so produced unite directly with the halogens 
ajid haloid acids to form haloid substitution-derivatives of the paraffin 
propojis. 
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allylic sulphate, C8H5.HSO4, thus resembling tne alcohols 
of the ethylic series, from which it differs, however, in that 
it combines directly with chlorine and bromine, &c., to form 
such compounds as C3H5Cl2(OH),C3H5Br2(OH), from 
which allylic alcohol is again obtained on submitting them 
to the action of nascent hydrogen. 

Mustard and Garlic Oils, — Black mustard seed contains the 
potassic salt of an acid termed myronic aoid, which is decom- 
posed when the bruised seed is macerated for some hours with 
water, and on distilling the water an oil passes over with it. 
The volatile oil thus obtained has the composition of allylic sul- 
phocyanate, C3H5(NCS). Garlic, on the other hand, contains an 
offensive smelling oil of the composition of allylic sulphide, 
(CjHJaS. The substances of this composition prepared by the 
following synthetic reactions from allylic iodide : 

C3H J + KNCS = KI + CgHgCNCS), 
2C3H,I + K,S-2KI + (C3H,),S 

are found identical in every respect with the natural products. 
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Only one member of this^ series, Propargylic alcohol, 
C3H3(OH), is known. It has been obtained by the action 
of potassic hydrate* on monobromallylic alcohol : 

C3H4Br.OH + KHO = C3H3.OH + KBr + OH2. 

Monobromallylic alcohol is obtained by the following series 
of reactions : — Allylic tribromide, C3H5Br„ the product of the 
union of allylic bromide with bromine, is converted into dibro- 
moglycid, CgH^Brj, by the action of potassic hydrate; this 
compound on treatment with potassic acetate is readily con- 
verted into monobromallylic acetate, CjH^Br.GjH^Oj, which 
yields monobromallylic alcohol and potassic acetate on saponi- 
fication by potassic hydrate. 

Prppar^iic aicohol is a colourVeas i£y;:^G£L<& \v3^^^ ^ 

M 2 
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pleasant odour, specific gravity '9628 at 21°; boiling-point 
iio°-i.i5°. It produces a white precipitate, C3H2Ag(OH), 
in an ammoniacal solution of argentic nitrate, and a yellowish 
precipitate, (C3H2.0H)2Cu2, in an ammoniacal solution of 
cuprous chloride; it combines directly with bromine and 
hydrobromic acid. 

QH2n_6.0H SERIES OF ALCOHOLS. 

Probably some of the oxidised oils of the composition 
CioHigO, which occur together with terpenes in various 
plants, are members of «this series. 

QH2n«7.0H SERIES OF MOISTOHYDRIC ALCOHOLS. 
PHENOLS AND ALCOHOLS OF THE BENZYLIC SERIES. 

These alcohols are the derivatives of the hydrocarbons of 
the CJEI21U-6 series. It has been pointed out already that 
these Tiydrocarbons act in the majority of cases as saturated 
compounds; the alcohols derived from them exhibit this 
behaviour, however, in a still more pronounced degree, in 
fact, they invariably give rise to the formation of substitution- 
derivatives, andmever form additive compounds. 

The most important :and best investigated (first) member 
of the series is Phenol, which is the alcohol of benzene : 

Benzene, CgHg ; Phenol, CeHg.OH. 

No isomerides of phenol are known, but three isomeric 
modifications of the next term, Cresol, C7H7.OH, exist, 
besides the metameric benzylic alcohol^ which bears the same 
relation to the isomeric cresols that the monochlorinated 
compound formed by the action of chlorine on boiling 
toluene bears to the isomeric compounds obtained when 
the action of chlorine on toluene takes place in the cold 
or in presence of iodine. Hence two classes of alcohols are 
io be distinguished in this series : — 1. TYi^ phenols^ repre- 



Formation of Plienols, 165 



m 3 



sented by the general formula, C6H5_ro(OH)(CaH2n+i) 
and 2. The alcohols of the benzylic series, represented by 

the general formula CsHg.^l&J^^^^^^l 

General Methods of Formation, — The phenols cannot be 
obtained from the corresponding mono-haloid substitution- 
derivatives of the CnHgn^e hydrocarbons, since potassic 
hydrate, argentic acetate, &c., are without action on these 
derivatives. The following are the two general methods 
usually employed in their preparation, i. The hydrocarbon 
of the CnHan^G series, corresponding to the phenol required, 
is converted by the action of concentrated sulphuric acid 
into the monosulphonic acid, and the potassic salt of this 
product is fused with potassic hydrate : 

C6H6_ni(CnH2n+l)m + H2SO4 = OH2 + 

C6H5_„(HS03)(CaH2n+l)m \ 

C6H5_„(KS03)(QH2n+l)m + KHO = K2SO3 + 

C6H5_ni(OH)(CnH2n4.i W 

2. The hydrocarbon of the CnH2n_6 series, corresponding 
to the phenol required, is converted inio the mononitro- 
derivative by the action of nitric acid (a) ; this is reduced 
by nascent hydrogen to the amido-derivative (p\ and an alco- 

* These expressions are employed in order to include the formation 
of these alcohols from all the hydrocarbons of the benzene series. In 
the first term of the phenol series the value of n and m in the expression 
CqHs _m(oH)(CnH2n + i)ni is zero ; the highest possible value of m is 
doubtless 5, the limits within which n may vary cannot yet be determined, 
but it is to be borne in mind that in phenols derived from hydrocarbons 
formed by the introduction of several CnH^n 4. 1 groups in place of hydro- 
gen in benzene, n may have the same or a different value in each of the 
groups, as m the case of Xylenol {Dimetkylphenol), CqH3(CH3)2.0H, 

and Thymol {Methylpropylphenol), CeHglOH)!^^, the highest 

known term of the series, respectively. The same may be said of the 
alcohols of the benzylic series, in which, Uowevet, \.Vi^\<yNt^N.N^\s\ft.<:>\'^ 
in the Q^H^nloH) group is I ; m in tUe first Xcrai ^o^iaX-i T«tQ» 
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holic solution of a salt (usually the nitrate) of this derivative 
is then acted upon by nitrous acid {c) ; the diazo-salt produced 
is converted into the corresponding sulphate by treatment 
with sulphuric acid ; and finally this salt is decomposed by 
boiling with water (d) : 

{a) (CH^n+iUCeHe.^ + HNO3 = OH^ + 

(CnH2,+ iLC6H5_«(N02); 

(^) (C,H2n+i)mC6H5.^(N02) + 3H2 = 2OH2 + 

(CnH2n+l)mC6H5_ni(NH2) ; 

id (CaH2a+i)n.CeH5_„(NH3N03y + HNO2 = 2OH2 + 

(CaH2n+,)„,C6H5_„(N2N03)^ 

(^ (CnH2,+ i)mC6H5.„,(N2.HS04) + OHj «= H2SO4 + 

Na + (C,H2n+l)mC6H5_n.(OH). 

The alcohols of the benzylic series are obtained by the 
following methods : — i. By saponifying the acetates formed 
by the action of potassic acetate on the mono-haloid deriva- 
tives of the hydrocarbons of the benzene series, prepared by 
the action of chlorine on the boiling hydrocarbons : 



CeHs^mj 



C H^C, H3O, ^j^Q ^ KCHjO, + 

fQH2n(0H) 
<^6tl5.ml(C,H2n.l)m- 



2. By the action of an alcoholic solution of potassic 
hydrate on the corresponding aldehydes, together with the 
corresponding acid of the benzoic series : 

> Nitrate of amido-derivative< • Nitrate of diazo-derivative. 
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Aldehyde. 

^„ |C„H,„(COOK). 



Potassic salt of acid. 



C„H,„(COH) I ^ jj^^CfiH, „ i C„H,„(CH2.0H) 

(CnH2n+l)in J ""^ l(^n-^2n+ i)na. 

Primary alcohols alone are obtained by this method. 
3. By the action of nascent hydrogen on the ketones of 
the form CnH2n_7CO(CnH2n+i) : 

CnH2n_7CO(C„H2n+ i) + H2 = CnH2n_7C(CnH2n+ i)H.OH. 

By this method secondary alcohols are obtained. 

Phenol {Oxybrnzene, Carbolic Add), CgHg.OH, is ob- 
tained by the above general methods, also by distilling the 
three isomeric oxybenzoic acids, either alone or mixed with 
powdered glass, or caustic lime : 

C6H4(OH).C02H = CO2 + CsHg-OH. 

The chief source of phenol is coal-tar, from which it is 
prepared by submitting the coal-tar oil to distillation, and 
collecting apart the portion which distils over between 150° 
and 200°. This is mixed with a solution of sodic hydrate, 
the solution separated from the undissolved portion, decom- 
posed by hydrochloric acid, and the oil thus obtained placed 
in contact with calcic chloride to render it anhydrous, and 
then purified by fractional distillation. It is then exposed to 
a low temperature, and the crystals which form are drained 
from the mother liquor, and again distilled. 

Phenol crystallises at ordinary temperatures in long 
colourless needles, which melt at 34®-35° and boil at 184°. 
It is sparingly soluble in water, but dissolves readily in 
alcohol, ether, and acetic acid. It has a peculiar, not un- 
pleasant odour, and acts as a powerful caustic when applied 
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to the skin. By far the most valuable property of phenol is 
that of preventing putrefaction, and of preserving animal 
substances from decomposition ; it even removes the fetid 
odour from meat and other substances already in a state of 
decomposition, hence it is largely employed as a disinfectant. 

Phenol is scarcely altered by passing through a red-hot 
tube. It yields benzene when distilled over heated zinc- 
dust : CfiHeO + Zn = ZnO -f CftHg. 

Phenol dissolves in sulphuric acid with evolution of heat 
and production of two isomeric monosulphonic acids of the 
formula C6H4(OH).S03H (phenolmeta- and phenolpara- 
sulphonic acid), which are converted by the continued action 
of the acid into one and the same phenoldisulphonic acid, 
C6H3.0H(SOjH)2. On fusion of the potassic salts of these 
two isomeric phenolmonosulphonic acids with potassic hy- 
drate, two isomeric dioxybenzenes are produced : 

CeH4(OH)(SO,K) + KHO = CeH4(0H)a + KsSOg. 

Chlorine acts readily upon phenol, and finally converts it 
into pentachlorophenol, CeCls-OH. The first product is a 
mixture of two iscMneiic monochlorophenoh ; the second is also 
a mixture of two dichlorophenols ; tiie third product appears 
to consist of a sin^e trichlorophenoL Bromine exerts a pre- 
cisely similar action. lodophenols have been prq^ared by 
the action of iodine on phenol in presence of iodic acid or 
mercuric oxide. Three isomeric moniodophenols have thus 
been obtained, which are distinguished by the prefixes para-, 
meta-, and ortho- ; tiiese exhibit diffCTent physical properties, 
and are especially characterised by tibeir behaviour on fusion 
with potassic hydrate (p. 1 76). 

Nitric acid acts violently upon phenol ; the first product 
is a mixture of two isomeric mononitrophenols, one of which 
is insoluble in water, extremely volatile in a current of steam, 
yellow in colour, has a peculiar aromatic odour, and melts 
at 42**, whilst the other is soluble in water, and crystallises 
in long white inodorous needles melting at 112°. The 
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latter of these is converted into a-dinitrophenol melting at 
114° on further nitration ; the former, when similarly treated, 
also yields a-dinitrophenol, but together with an isomeric (/3) 
dinitrophenol melting at 69°. The final product of the action 
of nitric acid on phenol is trinitrophenol, C6H2(NO)30H, 
{picric acid)^ of which no isomeric modifications are known. 

Phenol is converted by potassic hydrate into a metallic 
derivative C6H5.OK, but it does not decompose potassic 
carbonate. The above nitro-derivatives, however, have far . 
more pronounced acid properties ; they readily decompose 
the metallic carbonates, and yield a series of crystalline yel- 
low or red metallic derivatives, such as C6H4(N02).OK, &c. 

Trinitrophenol has the property of forming crystalline 
compounds with hydrocarbons such as benzene, naphthalene, 
anthracene, &c. . 

Phenol and its homologues are not attacked by the haloid 
acids, except perhaps when heated therewith under pressure 
at relatively very high temperatures (20o°-3oo°). The haloid 
phosphorus compounds acting upon phenol and its homo- 
logues convert them into the corresponding mono-haloid de- 
rivatives of the CnH2n-6 scHes of hydrocarbons. 

Phenol exhibits a peculiar behaviour on oxidation with 
chromic acid, whereby it is converted into phenoquinone. 
Probably the first oxidation-product is hydroquinone : 

CeHg.OH 4- + OH2 = C6H4(OH)2 + OH2, 

the phenoquinone being the product of the simultaneous 
oxidation of this hydroquinone and phenol ; thus : 

C6H4(OH)2 + 2C6H5.OH + 02 = 2OH2 + 

Cresol {Cresylic Acid), C7H7.OH = C6H4(CH3).OH.— 
The three known modifications are distinguished by the 
prefixes para-, meta-y and ortho-. Para- and orthocresol are 
respectively obtained by fusing the pure potassic salts of the 
two isomeric sulphonic acids produced on VieaXkxv^ vO^'^^Nfc 
with sulphuric acid with potassic ViydiaX^, '^^x^.^x^'s^'^ "^ 
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also obtained from crystalline nitrotoluene (p. 125) by the 
second general method of preparation. Metacresol has 
been produced by heating thymol, CigH^O (a crystalline 
phenol which exists in the volatile oils of thyme and horse- 
mint), with phosphoric anhydride, when propylene and cresol- 
phosphoric acid are produced ; the latter yields metacresol 
and potassic phosphate on fusion with potassic hydrate. 
Coal-tar oil contains paracresol and (probably) orthocresol. 

Paracresol is a solid crystalline body at ordinary tempera- 
tures, which boils at i98°-2oo° ; it yields potassic paroxy- 
benzoate^ C6H4(OH).C02K, on fusion with potassic hydrate. 

Metacresol is liquid and boils between i95°-2oo° ; oxi- 
dised by fusion with potassic hydrate, it yields potassic 
metoxybenzoate. 

Orthocresol is also liquid, but boils at about 189°; potassic 
salicylate (orthoxybenzoate), isomeric with potassic met- and 
par-oxybenzoates, is formed from it on oxidation by fusion 
with potassic hydrate. 

Heated with sulphuric acid the three isomeric cresols 
yield three isomeric cresolsulphonic acids : 

C7H7.OH + SO4H2 = C7H6(OH)(S03H) 4- OH2. 

Benzylic Alcohol, C6H5.CH2.(0H), metameric with 
cresol, is produced simultaneously with potassic benzoate by 
the action of an alcoholic solution of potassic hydrate on 
benzoic aldehyde : 

C6H5.COH + KHO = C6H5.CO2K + H2 ; 
C6H5.COH + H2 = C6H5.CH2(OH). 

Also by saponification of benzylic acetate, prepared by 
heating benzylic chloride (p. 119) with potassic acetate. It 
is a colourless, strongly refracting, oily liquid, which boils 
at 2o6^ On treatment with nitric acid it is oxidised to 
benzoic aldehyde, C6H5COH. Hydrochloric acid converts 
it readily into benzylic chloride, C6H5.CH2CI. Concen- 
trated sulphuric acid converts it into a resin-like substance. 
Iths thus evident that there is an enormous difference in 
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chemical behaviour between benzylic alcohol, which in all 
respects is a compound analogous to the alcohols of the 
ethylic series, and the corresponding phenol, cresol. A pre- 
cisely similar relation obtains between the homologues of 
the phenols and of benzylic alcohol. 

Su7nmary\ — The phenols differ, it will have been observed, 
from the alcohols of the preceding series in somewhat the 
same way that the hydrocarbons of the CnH2n_6 series, ex- 
cepting dipropargyl, differ from those of the isologous series 
richer in hydrogen. They are formed by special methods, 
behave as saturated compounds, are peculiarly stable, and 
yield well-characterised substitution-derivatives when acted 
upon by chlorine, nitric acid, &c., whereas the alcohols of the 
preceding (and benzylic) series do not yield such derivatives 
under similar conditions ; the phenols behave differently on 
oxidation, they are not acted upon by the haloid acids, and, 
finally, they are especially characterised by yielding sulphonic 
acids when acted upon by sulphuric acid, which are con- 
vertible into dihydric alcohols (dioxy-derivatives of the 
C^Han^e hydrocarbons) by fusion with potassic hydrate, 
whereas the isologous monohydric alcohols, proportionately 
richer in hydrogen, yield acid ethereal salts when similarly 
treated, which readily undergo reconversion into the alcohol 
and sulphuric acid, even when heated with water. 

CnH2n_9.0H SERIES OF MONOHYDRIC ALCOHOLS. 

Only t)^'o alcohols of this series are known. 

Cinnamic Alcohol, C9H9.OH = C(C6H5)H.CH.CH2 
(OH), is obtained by heating styracin, C9H702.C9H9 (a 
constituent of liquid storax and Peru balsam), with potassic 
hydrate solution. Cinnamic alcohol crystallises in silky 
needles, which melt at 33° ; on oxidarion it is converted into 
cinnamic aldehyde, CgHgO ; it forms with bromine a dibro- 
mide, C9H9Br2.0H ; and by the acrion of nascent hydrogen 
it is in part converted into aUy\beii2.eii.^, m -^^xX. ^ot^^sx.^^ 
mto phenylpropylic alcohol, CCCeHft^H.ci.C^^.C'^^sS^'^- 
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Cholesterin, C26H43.OH, is a crystalline substance 
present in various parts of the animal system, in biliary cal- 
culi, and in the iaX extracted from the fleece of sheep. On 
treatment with PCI5 it yields cholesterylic chloride, C26H43CI; 
on oxidation by chromic acid it is converted in oxycholic 
acid, C26H40O6- 

CnH2a.13.OH SERIES OF MONOHYDRIC ALCOHOLS. 

a- and (^-naphtholy C10H7.OH, two crystalline compounds 
which are in every respect analogues of the phenols, ob- 
tained by fusing the potassic salts of a- and /3-naphthalene- 
sulphonic acids with potassic hydrate, are the only known 
alcohols of the series. 

CnH2n(OH)2 SERIES OF DIHYDRIC ALCOHOLS. GLYCOLS. 

The glycols bear the same relation to the monohydric 
alcohols of the series CnHan+i-OH that the dichlorinated 
paraffins bear to the monochlorinated paraffins ; in other 
words, they may be regarded as the di-hydroxyl derivatives 
of the paraffins. The following have been obtained, but our 
knowledge of most of them is extremely imperfect : — 





Isoprimary, Second- 




Primary. 


ary, or Tertiary. 




B.-P. 


B.-P. 


Ethylene glycol 


C2H4(OH)2 i97°-5 


— 


Propylene „ (2 mods.] 


) C3H6(OH)2 208°-2l8= 


' i88°-i89° 


Tetrylene or butylene 






glycol 


C4H8(OH)2 - 


i83°-i84" 


Pentylene or amylene 






glycol 


C5H,o(OH)2 - 


177° 


Hexylene glycol 


C6H,2(OH)2 - 


207° 


Octylene „ 


C8Hie(OH)2 - 


235°-24o° 



Our experience of the chemical behaviour of these com- 
pounds is chiefly derived from the study of the first member 
of the series, to which the simple name of glycol is applied. 
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In most text-books attention is drawn to the fact that the differ- 
ence between the boiling-points of the successive terms of this 
series appears to be in a contrary direction to that observed in 
other homologous series, i.e., that the lower members have higher 
boiling-points than the more complex terms of the series. At 
present slight weight attaches to this observation, however, since 
the known glycols are not strictly homologous ; in other words, 
they do not all belong to the same isomeric series : some are 
primary, others are isoprimary, secondary, perhaps tertiary glycols, 
and the comparison of their boiling-points is therefore nugatory. 

Preparation, — The one general method consists in acting 
upon the di-haloid derivatives (usually the bromo-derivatives) 
of the paraffins with potassic or argentic acetate, the resulting 
acetate being then saponified with potassic hydrate : 

CnHa^Brj + 2AgC2H302 = 2AgBr + C^H2^(C2H,02)2 

CnH2n(C2H302)2 + 2KHO = 2KC2H3O2 + CnH2,(OH)2. 

Properties, — The glycols are colourless, more or less viscid 
liquids, easily soluble in water and alcohol. 

The oxidation of the glycols takes place at two stages : 
the first product is usually an oxyacid of the lactic series 
(general formula CnH2nvOH).C02H) ; thus glycol yields 
glycolUc acid (monoxyacetic acid) : 

CH2(OH).CH2(OH) -f O2 = CH2(0H).C0(0K) + OH2. 

The second product varies according to the nature of the 
glycol oxidised : in the case of the primary glycols, to 
which the general formula CH2(OH).CnH2n.CH2(OH) may 
be assigned, a dibasic acid of the CnH2n(C02H)2 series is 
always produced; thus glycol yields oxalic acid : 

CH2(OH).CH2(OH) + 202 = CO(OH).CO(OH) -h 2OH2 ; 

whereas the iso-glycols, represented by the general formula 
C(CnH2n+i)H(OH).CH2(OH), yield so-calkd fectwic ^^^.^^ 
as hnal oxidation-products^ e.g. ; 
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C(CnH2,+ ,)H(OH).CH2(OH) + 63 = 

C{C,H2,+i)0.C0(0H) + 2OH2. 

little is known of glycols of other isomeric series. 
The glycols are readily acted upon by the haloid acids, 
in the first place according to the equation : 

C^H2^(OH)2 + HCl = QH2,C1(0H), 

and by the continued action of these acids, or more readily 
under the influence of the haloid phosphorus compounds, 
they are converted into di-haloid derivatives of the corre- 
sponding paraffins : 

CnH2^(OH)2 + 2PCI5 = 2POCI3 + 2HCI + C,H2,Cl2. 

By heating the glycols with acetic acid or its homologues 
in closed vessels, ethereal salts of these acids (compound 
ethers) are produced, e.g. : 

CnH2n(OH)2 + HC2H3O2 = C,H2,(OHXC2H30,) + OH2. 
QH2n{OH)2 -H 2HC2H3O2 = QH2,(C2H302)2 + 2OH2. 

Potassium and sodium act upon the glycols with evolu- 
tion of hydrogen and formation of metallic derivatives : 

2C,H2n(OH)2 + Naa = H^ + 2C,H2n(OH)(ONa) ; 
CnH2n(OH)2 + Naa = H^ + CnH2n(ONa)2. 

Polyethylenic glycols are formed from glycol b>' progressive 
condensation with elimination of the elements of water. 
The following are known : — 

Diethylenic glycol C^HjoO, ^iZ^^^OYi)^- OH^ 

Triethylenic „ ^^xfi^ ^lZ^lOYi\-20Y{r, 

Tetrethylenic „ ^^xf>t, «4CaH4(OH),-30H2 

Pentethylenic „ Z^^^f>^^lZ^JS^^\''\OYi^ 

Hexethylenic „ Z^^^fi^^(3Q^JS>^\-l^^v 

There is a difference in boiling-point of about 45® between 
each of these ; they are viscid liquids, becoming continually 
more viscid as they increase in complexity, and as the boiling- 
point rises. 
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One of the best general methods of preparation consists in 
heating glycol with ethylenic dibromide in dosed tubes, for 
some hours, at iio°-i2o°. The nature of the product then 
depends on the proportions employed of these two bodies, and 
on the length of time during which they are heated together. 

The first reaction which occurs probabl" consists in the 
formation of ethylenic-bromohydrate, thus : 

Cj,H4(OH)2 + CoH^Bra = 2C2H^Br(0H), 

which reacts upon the glycol (employed in excess) to form 
diethylenic glycol and hydrobromic acid : 

QH^BrCOH) + Q^JS^Yi\ = C^HgOCOH), + HBr. 

By the action of this hydrobromic acid upon a further quantity 
of glycol, water and ethylenic bromohydrate are produced, and 
the latter reacting upon the diethylenic glycol converts it into 
triethylenic glycol and hydrobromic acid ; 

C^HgOCOH)^ + CaH^BrCOH) - C^^f>^iS^Yi\ + HBr, 

and by a similar cycle of operations, tetrethylenic glycol is 
produced from triethylenic glycol, &c 

» 

CnH2n_8(OH)2 SERIES OF DIHYDRIC ALCOHOLS — ORCINS, 
AROMATIC GLYCOLS, AND ALCOHOLS OF THE SALIGENIN SERIES. 

These are derived from the hydrocarbons of the CnHgn^e 
series, by methods in principle the same as those which give 
rise to the monohydric alcohols of the CnH2n_7(OH) series. 

The series includes three classes of metameric compounds : 
the orcim^ the aromatic glycols^ and the alcoJwls of the saligenin 
series. The manner in which the members of these three 
classes are related will be evident on inspection of the fol- 
lowing formulae : 

jOH |0H jCH,.OH 

L6H3(LHJ3|qjj, '-6il4|cHij.OH' '^«"MCH2.0H' 

Orcin. Saligenin. Xylene Glycol. 

Pr^araficm o/the Orcitis, — I. "By {u^on oVx5afc'^^^asi»$:.'a^i>^ 
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of the disulphonic adds obtained by the action of sulphuric 
acid on the hydrocarbons <^ the C^H^^.c series ¥rith potassic 
hydrate: 

C.H^_, + 2H^, = CH^_.(SO,H), + 2OH,; 
QH^_8(SO,K), + 2KHO = C.H^_8(OH), + iK^Oj. 

2. Similarly fixHn the monosolphonic adds derived from 
the phenols. 

3. By fusion of the mono-haloid derivadves of the phenols 
with potassic hydrate, e.g. : 

C^H^_8C1(0H) + KHO = C.H^.8(OH), + KCL 

The first term of the series of the composition C6H4(OH)2 
includes three isomerides, Resarcin^ Pyrocatechin^ and Hydro- 
quinone. 

Resorcin is obtained by the action of potassic hydrate on 
benzenedisulphonic add, C5H4(S03H^ ; on phenolparasul- 
phonic acid, C6H4(OH)(S03H) ; and on paraiodophenol, 
C6H4l(OH) ; but is best prepared by fusing galbanum resin 
with potassic hydrate. It crystallises from water in tabular 
crystals, or prisms, which melt at 99°. It forms a dark 
violet-coloured liquid with ferric chloride, and reduces an 
ammoniaoal solution of argentic nitrate at the boiling-heat 

Pyrocatechin is obtained by the action of potassic hy- 
drate on phenolmetasulphonic acid, or on metaiodophenol, 
and by the dry distillation of catechin and a number of other 
allied vegetable substances. It crystallises from water in 
laminae which melt at 116°; it 5delds a dark green colour- 
ation with solutions of ferric salts, and is further distinguished 
from resorcin by forming a white precipitate on the addition 
of plumbic acetate to its aqueous solution. 

Hydroquinone is a product of the dry distillation of 
quinic acid, and is also obtained by fusion of orthoiodophenol 
with potassic hydrate. It crystallises in rhombic crystals, 
and melts at 177°. It is readily distinguished from resorcin 
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and p3^ocatechin by its conversion into quinone on oxida- 
tion : C6H4(OH)2 + O = C6H4O2 + OH2. Quinone is 
readily reconverted into hydroquinone by the action of 
nascent hydrogen. 

Orcin, C6H3(CH3)(0H)2, appears to exist ready formed 
in all the lichens used fo.r the preparation of archil, cudbear, 
and litmus. It has been prepared S3aithetically by fusing 
the potassic salt of the sulphonic acid obtained by the action 
of sulphuric acid on monochlorotoluene with potassic hy- 
drate 

CrHgCKSOaK) + 2KHO = C7H6(OH)2 + KCl + K2SO3. 

It crystallises from water in colourless six-sided prisms 
which melt at 86°. By the combined action of oxygen and 
ammonia it is converted into orcein, C7H7NO3, an uncrys- 
tallisable substance, which dissolves in alcohol, forming a 
deep scarlet solution, and in aqueous alkalies with violet- 
red colour. Orcein is present among other colouring mat- 
ters in commercial archil. A number of isomerides of orcin 
have been prepared, but littie is known of them. 

Both resorcin and orcin yield well-characterised haloid 
and nitro-derivatives when acted upon by the halogens and 
nitric acid. Haloid derivatives of pyrocatechin are not known. 
Haloid derivatives of hydroquinone are formed by the action 
of nascent hydrogen on the corresponding derivatives of 
quinone, thus tetrachloroquinone is converted by the action 
of aqueous sulphurous acid into tetrachlorhydroquinone : 

C6CI4O2 + H2SO3 + OH2 = C6Cl4(HO)2 -h H2SO4. 

Salicylic Alcohol {Saligenin) is obtained from salicin, a 
crystalline substance contained in the leaves of poplar, 
willow, and several other trees. On heating with diluted 
sulphuric acid, or on digestion with synaptase, or saliva, 
salicin is resolved into saligenin and glucose . 

C6H4(OH).CH2(OC6Hn05) + OH2 = CfiHiaOe + 

C6H4(OH).CH2(OH). 

N 



178 Organic Oiemistry, 

Saligenin crystallises in colourless nacreous scales ; it melts 
at 82° ; on oxidation it is converted into salicylic aldehyde, 
C6H4(OH).COH. 

Xylene Glycol, C6H4(CH2.0H)2, is prepared by digest- 
ing the dichlorinated derivative of paraxylene, obtained by the 
action of chlorine on the boiling xylene, with water at 170". 
It forms crystalline needles which melt at ir2°; on oxida- 
tion it is converted into terephthalic acid, C6H4(CO.OH)2. 

CnH2n_i(OH)3 SERIES OF TRIHYDRIC ALCOHOLS. 

These may be regarded as the trihydroxyl substitution- 
derivatives of the paraffins. Two members of the series are 
known, viz. : 

Glycerin . . . . . C3H5(OH)3 
Amylglycerin .... C4H7(OH)3. 

Glycerin, C3H5(0H)3 = C(CH2.0H)2H.OH.— Most 
animal and vegetable fats and fixed oils^ are mixtures of 
ethereal salts formed from glycerin and acids of the acetic and 
oleic series. Thus mutton and beef fat consists mainly of 
stearin or stearic glyceride ; palm oil is chiefly palmitic gly- 
ceride {palmitin) ; olive oil is an oleic glyceride (pleiji). 
These glycerides are decomposed by heating with water, 
yielding glycerin and an acid, thus : 

C3H5(Ci8H3502)3 + $^^2 = C3H5(OH)3 -f 3C18H36O2. 
Stearin. Glycerin. Stearic acid. 

Glycerin is largely obtained as a by-product in the manu- 
facture of soapy from the fats and fixed oils : the oil or fat is heated 
with an alkaline solution, whereby glycerin and an alkaline salt, 
or soap, as it is termed, are produced, thus : * 

C3H,(C.,H3,0,),+3NaHO -C,H.(OH), + aCH^NaO,. 

* These oils (palm oil, olive oil, &c.) are termed fixed, because they 

cannot be distilled without undergoing decomposition, in contradistinc- 

tion to the turpentine oils, which volatilise unchanged. 

^ The decomposition of ethereal salts by caustic alkalies, whereby an 

alcohol and a metallic salt are formed, is comxaorXv desvgftaXe.^ Vj \!aa 

^enf»rai t^.^ 'sa/wnification.' 



Glycerin. 179 

The soap is separated from the solution by the addition of 
common salt and the solution of sodic chloride (in which the 
soaps are insoluble) and glycerin is drawn off : this spent-lye, as 
it is termed, is then submitted to distillation in a current of 
superheated steam. The glycerin passes over with a certain 
proportion of water, the greater part of which may be removed 
from it by evaporation, and the whole may be driven off by 
heating in vacuo to a temperature below the boiling-point of 
glycerin. 

Ordinary hard soap is a mixture of sodic stearate, palmitate, 
and oleate ; soft soap consists of the corresponding potassic 
salts ; lead plaster is a plumbic oleate obtained by heating olive 
oil with plumbic oxide. Lime soap is obtained by saponifying 
the fats with slaked lime ; lime soaps are insoluble in water, and 
the heavy curd formed on adding soap solution to hard water 
is a precipitate of lime soap formed by double decomposition 
from the calcic salts dissolved in the water and the soda soap : 

2Ci8H35Na02 + CaCOg = (CisHj^OJ^Ca + NaaCOj. 

Sodic stearate. Calcic stearate. 

Glycerin: is now prepared on the large scale by the decom- 
position of the fats and oils by distillation in an atmosphere 
of superheated steam. The fats or oils are placed in a still, 
heated to a temperature between 29o®-3io°, and superheated 
steam passed up through them ; the glycerin then distils 
over with the steam, and the acids remain in the still. 

The synthesis of glycerin has been effected by digestmg 
trichlorhydrin, one of the several isomeric trichloropropanes 
formed on heating propylene chloride (dichloropropane) with 
iodine chloride, with water in closed tubes at 170** : 

C3H5CI3 + 3OH2 = C3H5(OH)3 + 3HCL 

Properties, — Glycerin cannot be distilled under the ordi- 
nary atmospheric pressure without imdergoing decomposition, 
but passes over undecomposed under a pressure of 50 mm. 
of mercury at about 210'', it also distik -rnXJc^ssviX. ^^q53«v- 
positioi2 in an atmosphere of steam. It ^^s a ^Jftxx^^, cO^oxsl- 

N 2 
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less, inodorous liquid, sweet to the taste, and neutral to test- 
paper, which is soluble in water in all proportions. 

Reactions. — i. Glycerin is converted by careful oxidation 
by nitric acid into glyceric acid, but at the same time much 
oxalic acid is produced : C3H8O3 + 62 = C3H6O4 + OH2. 
Glyceric acid cannot be further oxidised without under-, 
going decomposition into acids containing fewer units of 
carbon, the chief among which is oxalic acid, H2C2O4. 

2. Glycerin is converted by the action of hydrochloric or 
hydrobromic acid, or of the corresponding haloid phos- 
phorus compounds, into so-called chlor- or bromhydrins. 
The action of the haloid acids takes place by two stages : at 
the first, monochlor' or monobromhydriiiy at the second, 
dichlor- or dibromhydriiiy is produced : 

1. C3H5(OH)3 + HCl = C3H5C1(0H)2 -f OH2 ; 

2. C3H5C1(0H)2 + HCl = C3H5CI2.OH -f OH2. 

Phosphorus pentachloride and bromide have the same 
action, but also give rise to the formation of a third product, 
trichlor- or tribrotnhydrin : 

C3H5CI2.OH + PCI5 = C3H5CI3 + POQa -f HCl. 

The second product of the action of hydrochloric acid on 
glycerin is a mixture of two isomeric dichlorhydrins, which 
boil respectively at 174** and 182**. The latter of these is iden- 
tical with the product of the action of chlorine on allylic alcohol. 
Trichlorhydrin and tribromhydrin are respectively identical 
with allylic trichloride and tribromide ; the former is among the 
products of the action of iodine chloride on propylene chloride. 
The chlor- and bromhydrins lose the elements of hydrochloric or 
hydrobromic acid when submitted to the action of potassic or 
sodic hydrate ; thus monochlorhydrin, C3H5Cl(OH)2,is converted 
into Glycide,C8H50.0H ; and dichlorhydrin, CjHgCla.OH, yields 
epichlorhydrin, C3H5CIO. Epichlorhydrin behaves as an unsatu- 
rated compound^ and combines with water to form monochlor- 
hydiin, ivhen heated with it under pressure; it unites with hydro- 
cbloric acid to form the dichlorhydim boVim^ aX \Tfl? , ^xA ^yw:.^ 
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both the above-mentioned dichlorhydrins yield the same epichlor- 
hydrin on treatment with potassic hydrate, pure dichlorhydrin 
(B.P. 174°) may be obtained from glycerin by converting the 
mixture of dichlorhydrins into epichlorhydrin, and acting upon 
this with hydrochloric acid. 

Monochlorhydrin is converted by the action of nascent hydro- 
gen into propylene glycol, C3Hg(OH)2; dichlorhydrin from 
epichlorhydrin similarly treated yields isopropylic alcohol : 

C(CH2C1)2H.0H + 2H2 = C(CHs)3H.0H + 2HCI ; 
whilst the isomeride from allylic alcohol yields propylic alcohol. 

3. Hydriodic acid and phosphorus iodide convert glycerin 
into allylic iodide, besides \yhich propylene and isopropylic 
iodide are also obtained. 

The formation of allylic iodide is represented by the equation:. 
C3H,(OH)3 + 3HI - CgH,! + 1, + 3OH,. 

At the same time, by the action of the hydriodic acid on the 
primary product, allylic iodide, the above-mentioned secondary 
products are fofmed, thus : 

CsH.I + HI = I, + CgHe ; CgH,! + 2HI = I, + CjH.I. 

The primary product of the action of phosphorus iodide is 
also allylic iodide : 2C3H5(OH)3 + PJ^ = 2C3H5I + 2H3PO3 + 1^ ; 
more or less hydriodic acid, however, is also produced, which 
reacts on the allylic iodide, as above explained. 

It is said that, under certain conditions, the action of hy- 
driodic acid on glycerin forms a complex product of the for- 
mula : CeH,iI03 = 2C3H8O3 - 30Hj + HI, and it is suggested 
that this product is possibly identical with a compoimd containing 
iodine, present in cod-liver oil. 

4. When heated alone or with dehydrating agents, gly- 
cerin is decomposed with formation of acrolein, C3H4O, 
recognised by its intensely irritating acrid odour, and other 
products : CgHgOa = 2OH2 + C^H^O. 

5. By heating glycerin with the oigamc ^icA^ m cSs^R^fc^ 
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vessels, so-called glycerides or glyceric ethers are produced. 
The proportions in which the acid and glycerin enter 
into reaction vary according to the proportions in which 
they are mixed, the temperature to which the mixture is 
subjected, and the time during which the heating is con- 
tinued. Thus acetic acid and glycerin yield monacetm^ 
C3H5(OH)2(C2H302) ; diacdin, C3H5(OH)(C2H302)2 ; 
and triacdin^ 03115(0211302)3 ; which are formed in the 
manner indicated by the equation : — 

C3H5(OH)3 + HO2H3O2 = 03H5(OH)2(02H3O2) + OH2. 

In this way Berthelot has succeeded in preparing Tri- 
stearin^ Tripalmitin, and Triolein^ from stearic, palmitic, and 
oleic acids and glycerin, the bodies thus obtained being found 
identical in all respects with stearin, palmitin, and olein 
from natural fats. 

6. Glyceric ethereal salts are also obtained by the action 
of the mineral oxyacids on glycerin. Thus glycerin is 
converted into the so-called nitroglycerin by adding it to a 
carefully cooled mixture of nitric and sulphuric acids. The 
formation of this compound from glycerin and nitric acid is 
analogous to that of triacetin from glycerin and acetic add : 

C3H5(0H)3 + 3HO2H3O2 = 3OH2 + 03H5(02H302)3. 

C3H5(OH)3 + 3HNO3 = 3OH2 + 03H5(N03)3. 

Nitroglycerin, or glycerotrinitrin^ as it is more cor- 
recdy termed, is a light yellow, violently explosive, oily 
liquid, of sp. gr. 1*6 at 15**. By the action of potassic hy- 
drate, it is converted into gly<:erin and potassic nitrate, just 
as triacetin is converted into glycerin and potassic acetate. 

7. It is said that an aqueous solution of glycerin in con- 
tact with beer-yeast is gradually converted into propionic 
acid ; this change is represented empirically by the equation : 

03Hg03 =: O3H6O2 + OH2, 

but is undoubtedly the result of a series of changes. 
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CnHgn- 9(011)3 SERIES OF TRIHYDRIC ALCOHOLS. 

The only known members of this series are the so-called 
pyrogallic acid, or pyrogallol, as it is more appropriately 
termed, C6H3(OH)3, and its isomeride phloroglucin. 

Pyrogallol is obtained by dry distillation of gallic acid : 

C6H2(OH)3C02H = C6H3(OH)3 + CO2. 

The relation of pyrogallol to benzene is evident from the 
fact that it yields that hydrocarbon when distilled at a red 
heat over zinc-dust, and that gallic acid is obtained by 
fusing diiodosalicylic acid with potassic hydrate : 

C6H2l2(OH)C02H + 2KHO = C6H2(OH)3C02H + 2KL 

Pyrogallol crystallises in long white flattened prisms; it 
melts at 115°. The aqueous solution slowly absorbs oxygen 
on exposure to the air, becoming brown ; this change occurs 
very rapidly in presence of alkalies, hence a solution of 
pyrogallol and potassic hydrate is employed as an absorbent 
of oxygen in gas analysis. By the action of acetic chloride it is 
converted into triacetopyrogallol, C6H3(C2H302)3 ; on treat- 
ment with bromine it yields tribromopyrogallol, C6Br3{OH)3. 

Phloroglucin is obtained on fusion of phloretin, catechin, 
kino, dragon's blood, quercitin, and a number of similar 
substances with potassic hydrate. Phloroglucin crystallises in 
large colourless prisms of the composition C6H6O3.2OH2 ; 
in the anhydrous condition it melts at 220°. Triaceto- 
phloroglucin, C6H3(C2H302)3, is obtained from it on treat- 
ment with acetic chloride, and tribromophloroglucin on 
treatment with bromine. 

By the action of chlorine on an aqueous solution of 
phloroglucin, dichloracetic acid is produced : 

CfiHgOa + 3OH2 + 6Cla = 3C2CI2H2O2 + 6HC1. 

Although phloroglucin is regarded as a trioxy-derivative 
of benzene, this relation has never yet been established 
experimentally, and appears doubtful 
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CnH2n-2(OH)4 SERIES OF TETRAHYDRIC ALCOHOLS 

The only alcohol of this series at present known is Ery- 
thrite {eryihromannitey phycite), C4H6(OH)4, a saccharine 
substance which exists ready formed in Protococcus vulgaris^ 
and which may also be obtained from any of the varieties of 
Rocella iifictoria by boiling with excess of lime or baryta. 

It forms large colourless transparent crystals, easily soluble 
in water. It is converted into a moniodo-derivative of the 
paraffin tetrane by distillation with hydriodic acid : 

C4H6(OH)4 + 7HI = C4H9I + 4OH2 + 3I2. 

« 
The iodotetrane thus obtained is convertible into secon- 
dary butylic alcohol (p. 158). Nitric acid converts erythrite 
into erythrotetranitrin (so-called nitroerythrite) : 

C4He{OH)4 + 4HNO3 = 4OH2 -h C4H6(N03)4. 

CnHan- 4(011)5 SERIES OF HEXHYDRIC ALCOHOLS. 

Mannite and Dulcite^ two of the natural sugars, are mem- 
bers of this series. 

Mannite, C6Hg(OH)6,is the chief component oi Manna, 
the dried sap of Fraxinus ornzis, from which it may be ex- 
tracted by boiling alcohol. It is also present in the sap of 
the apple, cherry, larch, and lime, in many seaweeds, and in 
mushrooms. It may be produced by the action of nascent 
hydrogen (sodium amalgam) on an aqueous solution of cane 
sugar 1 inverted by boiling with a small quantity of sulphuric 
acid: CeHiaOs + Hg = CeHuOfi. 

Mannite crystallises in colourless four-sided prisms, or 
fine needles, easily soluble in water and alcohol, insoluble 
in ether ; it is slightly sweet ; mannite does not ferment in 
contact with yeast, nor does it reduce an alkaline solution 

' Such a solution contains a mixture of dextrose and laevtdose, both 
of which apparently yield mannite. 
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of cupric hydrate on boiling (distinction from the glucoses) ; 
it has no action on polarised light. 

Hydriodic acid converts mannite into an ibdohexane 
()3-hexylic iodide), from which normal secondary hexylic 
alcohol may be obtained : 

CfiHuOfi + iiHI = CgHisI + 6OH3 + 5I2. 

It yields various ethereal salts when heated with acids 
such as acetic acid, &c; concentrated nitric acid, for ex- 
ample, converts it into so-called nitrotnannite (mannito- 
hexanitrin), C6H8(N03)6, a crystalline substance which de- 
tonates violentiy by percussion, and is reconverted into 
mannite by the action of reducing agents. Mannite also 
forms metallic derivatives : thus a crystalline precipitate of 
the composition C6HioPb206 is produced on adding man- 
nite to an ammoniacal solution of plumbic acetate. 

Mannite yields two characteristic oxidation -products : 
mannitic acid, C6H12O7, obtained by moistening platinum 
black with mannite solution;^ and saccharic acid, CgHioOg, 
the product of the action of dilute nitric acid. 

Dulcite {dulcin, dulcose, melatnpyrite), C6Hg(OH)6, the 
isomeride of mannite, has been produced artificially by the 
action of nascent hydrogen on inverted milk-sugar (see 
lactose). Dulcite was first obtained from a substance of 
unknown origin, imported from Madagascar ; it may be ex- 
tracted from the expressed juice of Melampyrum nemorosum 
and other Melampyrum species. 

Dulcite closely resembles mannite in properties, but crys- 
tallises in monoclinic prisms (mannite in tricHnic prisms) 
and melts at 182° (mannite at 165°). When oxidised by 
nitric acid, it is converted into mucic acid, isomeric with 
saccharic acid. It yields the same iodohexane as mannite 
when heated with hydriodic acid, and is converted by con- 
centrated nitric acid into duldtohexanitrin : C6H8(N03)6. 

' Mannitose^ CeHjaOg, an isomeride of gluco^, \s OoNaaskS^ ^asssS^L- 
taneously with mannitic acid. 
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CARBOHYDRATES. 

Closely related to the above-described hexhydric alcohols 
are a class of compounds to which great interest attaches on 
account of their wide distribution, especially in the vegetable 
kingdom, which includes the sugars, starch, gum, cellulose, 
&C. The precise nature of the relation has not yet been 
satisfactorily ascertained, however, and even the formulae 
assigned to many of these compounds are but the empirical 
expressions of their composition. 

The more important carbohydrates may conveniently be 
arranged in three groups, according to their composition ; — 

I. Group (glucoses). 

" Dextrose (Grape-sugar). 

Laevulose. 

a- and )3-Galactose. 
I Arabinose. 
L Sorbin. Eucalyn. Inosite. 

II. Group (saccharoses). 

Saccharose (Cane-sugar). 
Maltose. 

Ci2H220ii<j Lactose (Milk-sugar). 
Arabin (Gum Arabic). 
Melitose. Melizitose. Trehalose. 

III. Group. 

Starch. Inulin. 

Dextrin. 

Glycogen. 

Cellulose. 

Our knowledge of the chemical behaviour of the various 
carbohydrates is too limited to enable us to explain the 
relations which exist between the isomeric members of these 
several groups. 

The glucoses partake of the nature both of aldehydes and 

of alcohols ; they may be regarded, in fact, as pentahydric 

alcohols, and as the first aldehydes of tlveheKhydric alcohols 
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of the CnH2n_4(OH)6 series derived from the paraffins. 
This relation will be evident on comparing the formula of 
the normal primary paraffin hexane with the formulae which 
are assigned to mannite and to dextrose : — 

/ CH3 / CH2.OH / CH2.OH 

CH2 CH.OH CH.OH 

CH2 J CH.OH CH.OH 

CH2 I CH.OH I CH.OH 

CH.OH 
^ CH2.OH 



■{ 



CH2 
CH3 



CH.OH 
COH 



Hexane. 



Mannite (duldte). 



Dextrose (laevulose). 



I. Group. — Dextrose {Dextro-glucose^ Ordinary Glucose^ 
Grape-sugar\ C6H12O6. — ^This sugar is widely distributed 
throughout the vegetable kingdom ; it is present in the juice 
of npe grapes and in fact of all ripe fruits, and it constitutes 
the solid crystalline portion of honey ; but in these cases it 
always occurs together with laevulose, and usually also with 
cane-sugar. It is present in considerable quantity (even to the 
extent often per cent.) in diabetic urine, and is found in small 
quantities in nearly all animal fluids, such as blood, chyle, in 
the liver, and in normal healthy urine, but unaccompanied by 
laevulose. It is obtained from starch by boiling with dilute 
acids : 

nCeHioOs + nOHa = nCgHiaOe. 

Starch. Dextrose. 

Cellulose is also converted into dextrose by prolonged 
digestion with dilute acids. Dextrose is also a product 
of the action of dilute acids on many glucosides.* 

Dextrose is excessively soluble in water, and crystallises 
from a concentrated solution in cauliflower-like masses of 
the composition C6H12O6.H2O j from hot absolute alcohol 

" The glucosides are a class of natural products of frequent occur- 
rence in plants, which on decomposition by water alwajrs furnish glu- 
cose, or a corresponding product, and a secoiA \scA'^ V^'t «sss^^^&si-k 
saliciD, and tannin). 
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it crystallises in white anhydrous needles. It is less sweet 
than cane-sugar. Its solution turns a ray of polarised light 
to the right, hence the name dextro-glucose and dextrose. 

Dextrose unites with sodic chloride, forming a crys- 
talline body of the composition (C6Hi206)2.NaC1.0H2. 
Highly unstable metallic derivatives of dextrose may be 
obtained by dissolving lime, baryta , or oxide of lead in an 
aqueous solution of dextrose and precipitating by alcohol ; 
the baric derivative has the composition (C6Hn06)2Ba. 

On heating dextrose it melts, and at about 170° water is 
given off and glucosan, CgHioOs, formed; on further heating 
more water is produced and caramel results. 

Dextrose is slowly altered, even in the cold, by aqueous 
solutions of the alkalies or alkaline earths, and rapidly on 
heating, the liquid becoming first yellow and afterwards 
brown. It is readily oxidised, and therefore quickly reduces 
alkaline solutions of silver and copper salts, causing the 
precipitation of metallic silver or cuprous oxide. On boiling 
it with dilute sulphmic or hydrochloric acid, brown humus- 
like substances are formed. 

A dilute solution of dextrose mixed with yeast rapidly 
undergoes fermentation at a temperature of 2o°-25°. 

Dilute nitric acid oxidises dextrose to saccharic acid, 
CeHioOg. Heated with acetic anhydride in an open vessel 
it forms triacetodextrose, C6H903(C2H302)8 ; but if a 
large excess of anhydride be employed and the mixture 
heated to 160° for some hours, an octaceto-derivative of the 
composition Ci2H,403(C2H302)8 is obtained, which is either 
isomeric or identical with the compoimd got by heating 
cane sugar with acetic anhydride. 

LiEVULOSE, C6HJ2O6, occurs, as already mentioned, to- 
gether with dextrose in the juice of ripe fruits, honey, &c. 
It is obtained, together with an equal quantity of dextrose,' on 
beating a solution of cane-sugar with dilute acids : 

C12H22O11 + OH2 = CeHi^jOg + C6H12O6, 
and may be separated from it by rnvxixv^ \5ci^ ^o\>\'aa^ oS. m- 
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verged sugaiy as the product is termed, with slaked lime. A solid 
calcium-derivative of laevuiose is formed which is separated 
by pressure from the solution containing the dextrose, then 
suspended in water, and decomposed by carbonic anhydride. 
On concentration of the filtered liquid, the laevuiose is ob- 
tained as a coloiu:less uncrystallisable syrup, sweeter than 
dextrose. A solution of laevuiose turns the polarised ray to the 
left and to a greater extent than dextrose turns the ray to 
the right ; hence fruit sugar, or inverted sugar, which is a 
mixture of equal proportions of dextrose and laevuiose, is 
laevorotatory. The rotatory power of laevuiose diminishes 
as the temperature of the solution rises, which is not the 
case with dextrose. Laevuiose is converted into laevulosan, 
CeHioOs, isomeric with glucosan, on heating ; it is more 
easily acted upon by acids than dextrose, and readily re- 
duces an alkaline solution of cupric hydrate. It ferments 
in contact with yeast, though somewhat less readily than dex- 
trose. Like dextrose it yields saccharic acid on oxidation.^ 

Galactose, C6H12O6. — On boiling an aqueous solution 
of milk-sugar to which a small quantity of sulphuric acid has 
been added, the lactose is converted into a mixture of a- 
and /3-galactose. These two isomeric glucoses have not 
both been separately examined, but apparently a-galactose 
yields saccharic acid on oxidation, and is converted into 
mannite by the action of nascent hydrogen, /3-galactose yield- 
ing mucic acid on oxidation and dulcite on reduction. Both 
are dextrorotatory, a-galactose to a greater extent than 
dextrose, and reduce an alkaline solution of cupric hydrate. 

Inosite, CeHiaOe, is a variety of sugar which occurs in the 

* If an aqueous solution of dextrose is satmated in the cold with 
chlorine and argentic oxide then added until the liquid is neutral, the 
dextrose is converted into gluconic acid : CeHigOe + Clg = CeH^gCl^Oe ; 
CeHj^ClyOe + AgaO = CeHijOy + 2AgCl. Laevuiose and sorbin, how- 
ever, when similarly treated are converted into glycoUic acid, CaH^Og. 
By heating a solution of lactose with bromine, and subse(\uetiid^ tx^-aJosvs^ 
with argentic oxide, it is converted into lactonic acid, C^v^^>^^Ss&\. 
dextn'n is converted into dextronic acid isomedc -wVCa. ^xvRjaKVK; ^sSA^ 
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muscular substance of the heart, and in the lungs, kidneys, 
and liver ; it has also been extracted from green beans and 
the unripe fruit of Pliaseolus vulgaris. It crystaUises in 
large rhombic plates of the composition CgHiaOg.HaO ; it 
is optically inactive, it does not reduce an alkaline solution 
of cupric hydrate, and it is not affected even by boiling with 
acids or alkalies. An aqueous solution of inosite does not fer- 
ment in contact with yeast, but when mixed with chalk and 
sour cheese it undergoes the lactic fermentation and is con- 
verted into lactic and butyric acids. 

Little is known of Sorbin, Eucalyn, and Inosite ; they are 
distinguished, however, from the remaining members of the 
group by the circumstance that they do not imdergo fer- 
mentation when mixed with yeast 

II. Group. — The members of this group are doubtiess 
the anhydrides of those of the first group above described, 
and bear to them the same relation that the polyethylenic 
glycols bear to the glycols. Hitherto, however, chemists 
have not succeeded in obtaining them from the glucoses, 
although they may readily be converted by the action of 
water into glucoses. 

Saccharose or Cane-sugar^ C12H22O11. — ^This sugar is 
very widely distributed throughout the vegetable kingdom, but 
the two chief sources from which it is obtained are the sugar- 
cane {Saccharum offidnarum), cultivated in various tropical 
countries, and the sugar-beet, which is largely cultivated in 
Europe, more especially in Germany and France. 

Cane-sugar is exceedingly soluble in water, but sparingly 
soluble in alcohol ; it exercises a dextro-rotatory action on 
the polarised ray. It crystallises from an aqueous solution 
on slow evaporation in anhydrous monoclinic prisms. If 
heated for some time at about 160°, it is converted, without 
loss of weight, into a mixture of dextrose and laevulosan ; if 
the heating be continued, water separates and caramel is 
produced, which on fiirther heating yields a number of 
gaseous and liquid decomposidon-prodvicts and a caibo- 
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naceous mass. Cane-sugar is at once decomposed by con- 
centrated sulphuric acid, with separation of carbon ; this 
behaviour serves to distinguish it from dextrose, which is not 
so rapidly affected. Cane-sugar is less readily decomposed 
than glucose on boiling with caustic alkalies ; and it only 
slowly and imperfectly reduces an alkaline solution of cupric 
hydrate on boiling. Cane-sugar is not directly fermentable, 
but is first resolved, when its dilute aqueous solution is mixed 
with yeast and allowed to stand some time, into a mixture of 
dextrose and Isevulose, which then undergo the vinous fer- 
mentation. This inversion of sugar is effected even by 
prolonged boiling with water, but the change occurs more 
rapidly in the presence of acids, which, however, at the same 
time, convert a portion of the sugar into humus-like products. 

Various metallic derivatives have been obtained from cane- 
sugar ; it also yields a number of ethereal salts : thus, by 
heating with a large excess of acetic anhydride, it is con- 
verted into octacetosaccharose, Ci2H,40n(C2H30)g. 

It yields saccharic acid on oxidation. 

Maltose, C12H22O11. — This sugar is the end-product of 
the action of diastase on starch. It is crystallisable and dex- 
trorotatory, but differs from saccharose by reducing an alka- 
Une solution of cupric hydrate, from which it precipitates 
about two-thirds as much cuprous oxide as dextrose. By 
prolonged warming with dilute acids maltose is converted 
into dextrose. 

Lactose, or Milk-sugar, C|2H220n. — ^This sugar is an 
important constituent of milk, from which it may be ob- 
tained by evaporating the whey which remains after the 
separation of the casein, either by the addition of rennet 
or of a small quantity of acid, to a syrup, and purifying the 
lactose which slowly crystallises out by recrystallisation. 
Lactose is far less soluble in water than cane-sugar, and has 
only a faint, sweet taste ; it rotates the polarised ray to the 
right to a somewhat less extent than cane-sugar, Oabovlvx^ 
with an alkaline solution of cupiic \\YdxaX<&) \\. ^\^6b?^>i«^s^ 
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about seven-tenths as much cuprous oxide as dextrose. 
It yields both mucic and saccharic acid on oxidation. Like 
cane-sugar, it only enters into vinous fermentation after its 
aqueous solution, mixed with yeast, has stood for some time, 
and is probably first converted into galactose. If decaying 
cheese and chalk be added to an aqueous solution of lactose, 
large quantities of lactic acid are formed, but at the same time 
alcohol is always produced, especially if no chalk be added 
to neutralise the lactic acid as it forms. In other respects 
lactose closely resembles cane-sugar, but is on the whole a 
far more stable body. 

Gums. — ^The gums are a class of substances of vegetable 
origin, more or less closely related to the sugars ; many of them 
dissolve in water, but are precipitated on the addition of 
alcohol, others merely swell up owing to the absorption 
of water and do not dissolve. Some are of the same 
percentage composition as cane-sugar, and others appear to 
be of the same composition as starch ; but we possess little 
certain knowledge on this point, owing to the difficulty which 
exists of obtaining pure substances, most of the gums being 
more or less complex mixtures. 

The best knpwn of the gums is gum arable^ the dried exu- 
dation from various species of acacia growing in Arabia and 
Egypt, which is usually met with in the form of colourless or 
yellowish non-crystalline brittle masses, soluble in water. 
Gum arable is not a pure substance, however, since on in- 
cineration it yields 3-4 per cent of ash consisting chiefly of 
potassic, magnesic, and calcic carbonate ; moreover, speci- 
mens fi:om different sources, when dissblved in water, do not 
affect a ray of polarised light to the same degree, some 
causing a rotation more or less to the left, others a rotation 
to the right The main constituent of gum arable is an iso- 
meride of cane-sugar termed ardbin — C 1 2H22O 1 1 . The gum 
which oozes from chinks in the bark of cherry and plum trees 
contains, together with arabin, a considerable proportion of 
an insoluble modification termed metarabin^ which merely 
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swells up to a jellylike mass when placed in water, but on 
treatment with alkalies is rapidly rendered soluble and con- 
verted into arabin. Arabin and metarabin appear to be 
normal constituents cf most plants, the latter being especially 
plentiful in the sugar-beet, which in some seasons also con- 
tains a considerable proportion of arabin in its sap. Arabin 
is soluble in water so long as it is kept moist, but when once 
dried it ceases to dissolve, and merely swells up in water; 
basic plumbic acetate produces in the aqueous solution to 
which ammonia has been added a white precipitate of the 
composition Ci2H2oPbOi 

Arabinose. — On heating arabin with diluted sulphuric 
acid a crystalline sugar, arahinose^ CeHijOe, isomeric with 
dextrose, is obtained. Arabinose has a more powerful dex^ 
trorotatory action on a polarised ray of light than dextrose, 
although it has about the same amount of action on an 
alkaline solution of cupric hydrate ; it does not enter into 
the vinous fermentation in contact with yeast Together 
with arabinose, a non- crystalline, apparently fermentable 
sugar, having dextrorotatory action, is obtained. On treats 
ment of different specimens of gum arable with diluted sul- 
phuric acid, arabinose and the non-crystalline sugar are 
obtained in varying proportions ; the arabin separated from 
the sugar-beet yields on inversion a proportionately larger 
quantity of arabinose, so that it is probable that gum arabic 
and arabin from sugar-beet are mixtures in different propor- 
tions of the same two compounds, one of which is strongly 
laevorotatory and convertible into arabinose, the other being 
dextrorotatory and convertible into a non-crystalline sugar, 
this latter being predominant in most specimens of gum 
arabic. 

The roots of the mallow and of various species of orchis, 
linseed, and in fact most plants, contain mucilaginous sub- 
stances, all of which yield mucic acid on oxidation, and which 
are apparently closely related to gum and the tvaX>\\^ ^>;\s^^%. 

III. Group,— Starch, nC6Hio05.— T\i\s sw^a^Xsx^c^ ^^ ^^^ 

o 
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with in more or less abundance in every plant. It is non- 
crystalline, but on examination under the microscope it 
-appears to possess a kind of organised structure, being made 
up of a series of rings of varying degrees of transparency. 
The starch granules obtained from various plants differ both 
in form and size. Starch may easily be separated from such 
substances as potato, rice, or grain, by washing these in a 
state of fine division, on a sieve, with cold water ; whilst the 
cellular tissue remains on the sieve, the starch passes through 
with the liquid, and eventually settles down as a soft white 
powder, which may be collected, washed with cold water, 
and dried at a gentle heat 

Starch is nearly insoluble in cold water, and in alcohol and 
most other liquids. If water containing starch in suspension 
be boiled, the granules burst and disappear, and a thick 
gelatinous mass is obtained if the proportion of starch is 
<:onsiderable ; with much water a limpid liquid, which will 
pass through filter-paper, is obtained, but it is probable that 
even in this case the starch is for the greater part suspended 
in the liquid in the form of a colourless jelly, and that only 
a small proportion is in solution. Characteristic of such a 
freshly-prepared so-called starch solution is the magnificent 
violet-blue colour which is communicated to it on the ad- 
dition of even traces of iodine. Chemical change rapidly 
takes place in such a liquid however : after a few days it is 
coloured brown by iodine, and eventually ceases altogether 
to yield a colour with iodine. Starch dissolves in very con- 
centrated nitric acid and is converted into so-called xyloidin^ 

C,2H„09(N03)?. 

Dextrin, CgHjoOs. — By boiling starch-paste for a short 
time with dilute acids, or by the action of diastase (malt 
extract), it is converted into an isomeric non-crystalline solid 
substance called dextrin, on account of its dextrorotatory 
power. Dextrin dissolves in water, and may be separated 
hy the addition of alcohol, but combined with water as 
C^eHioOyH^O. In the pure stale \l ^xo\i^JciVj ^q^"?* \sat 
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reduce an alkaline copper solution, nor does it ferment when 
placed in contact with yeast. By the continued action of 
diastase it is converted into maltose, and by boiling with 
dilute acids it is eventually converted into dextrose. Its 
aqueous solution is either coloured brown or not at all 
by iodine according to the mode of preparation. 

Inulin, nCgHioOs- — This substance is found in the root 
of Inula heienium, Helianthus tuberosusj Dahlia^ and several 
other roots, and may be obtained by washing the rasped 
root with water, and allowing the inulin to settle down 
from the liquid. It is white, amorphous, and tasteless ; 
insoluble, or nearly so, in cold water, but readily soluble in 
boiling water. The solution is not precipitated by tannic 
acid, and is coloured brown by iodine. 

Inulin apparently bears the same relation to Isevulose that 
starch bears to dextrose, since it is converted by prolonged 
boiling with dilute acids into laevulose. 

Glycogen, nCsHioOs, is a substance of the same per- 
centage composition as starch, which occurs chiefly in the 
liver of various animals. It may be extracted by boiling 
with water and precipitated by the addition of alcohol. Gly- 
cogen is a white amorphous tasteless body ; it dissolves in 
water forming an opalescent solution, which is coloured vio- 
let or brown-red by iodine ; it does not reduce an alkaline 
solution of cupric hydrate, nor does it ferment in contact 
with yeast, but it is converted into dextrose on boiling with 
diluted sulphuric acid, or when placed in contact with dia- 
stase, saliva, or pancreatic fluid. 

Cellulose, or Lignin, nCgHioOs. — Cellulose is the main 
constituent of the cells of which all vegetable structures are 
built up ; thus cotton is almost pure cellulose. Cellulose 
is colourless and transparent ; it is insoluble in water and 
alcohol, but is dissolved by an ammoniacal solution of cupric 
oxide, from which it is reprecipitated on the addition of acids 
in the form of white flocculi. Iodine does wol coVsvff. *^* 
If cellulose be placed in cold concenttatedL ^\3\^\3ivc ^^^'^ 

^ 02 
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is at first converted into a jelly-like substance which after a 
time dissolves ; if much water be then added, and the solu- 
tion heated for some hours, care being taken to replace the 
water as it evaporates, the cellulose is ultimately entirely 
converted into dextrose. Linen rags, for example, thus 
treated, furnish more than their own weight of dextrose. 

Nitric acid oxidises cellulose to oxalic acid, which is also 
produced when cellulose is heated with potassic hydrate. 

When acted upon by a mixture of concentrated nitric and 
sulphuric acids, cellulose yields a variety of nitration-products 
(ceUulonitrins\ all more or less explosive, the nature of which 
depends , on the strength of the acids employed and the 
length of time during which the cellulose is in contact with 
the acid mixture. Thus, if purified cotton- wool be steeped 
for some hours in a mixture of one volume nitric acid (sp. 
gr. I '5) with three volumes concentrated sulphuric acid, it 
increases greatly in weight, and is converted, without under- 
going any change of form or in appearance, into pyroxyltUy 
or gun-cotton {celluiotrinitrin\ the reaction which occurs 
being represented by the equation : 

CeHioOs + 3HNO3 = C6H702(N03)3 + 3OH2. 

The compound so produced bears to cellulose exactly the 
same relation that ethylic nitrate bears to ethylic alcohol, 
or that glycerotrinitrin (nitroglycerin) bears to glycerin : 

C^HsCOH), C2H5(N03); C3H5(OH)3, C3H,(N03)3; 

Ethylic alcohol Ethylic nitrate. Glycerin. Glycerotrinitrin. 

cellulose being a trihydric alcohol, of which pyroxylin is the 
nitric ether : 

CeH702(OH)3 ; C6H702(N03)3. 

Cellulose. Cellulotrinitrin. 

Pyroxylin is insoluble in water, alcohol, and ether, but by 
employing less concentrated nitric acid, less highly nitrated 
compounds ar6 produced, which are soluble in a mixture of 
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alcohol and ether. A solution of these compounds in alcohol- 
ether constitutes the well-known collodion. 

The cellulonitrins thus formed are all reconverted into 
cellulose by the action of reducing agents : 

C6H702(N02)3 + 3H2 = CfiHioOa + 3HNO3. 

Pectin, — Most plants, and especially unripe fleshy fruits 
and roots, such as that of the beet, carrot, turnip, &c., con- 
tain a substance termed pectose, insoluble in water, which 
cannot be separated unaltered from the cellulose on account 
of the extreme readiness with which it undergoes change. 
By the action of a ferment (pectase) present in fruits, or by 
warming with diluted acids or alkalies, pectose is in the first 
place converted into a soluble substance, pectin^ which is 
largely contained in ripe fruits, and imparts to their juice the 
property of gelatinising when boiled. Pectin, however, 
readily undergoes further modification and 5delds a nutnber 
of products, all of which are classed as pectous substances 
on account of their gelatinous character. These pectous 
substances are colourless and amorphous ; they are partly 
soluble, partly insoluble in water, but all insoluble in al- 
cohol ; they have no action on a polarised ray of light. 
Their composition cannot be considered as established ; 
and no direct relation between them and the members 
of the sugar group is at present traceable, although it 
can scarcely be doubted that the two groups are geneti- 
cally related, especially as mucic acid has been obtained by 
oxidation of some of the pectous substances. It is probable 
that the relation between the various transformation-products 
of pectose is of a simple kind, and that the change consists 
in most cases merely in the assumption or elimination of the 
elements of water. 

Pectin is precipitated by alcohol as a jelly from dilute 
solution, in long threads from concentrated solutions. The 
aqueous solution, which is of a gomm^ cotii\^\.^x\s:.^n ^s* 
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neutral to test-paper, and is not precipitated by plumbic 
acetate, but on boiling it loses its gummy consistence and 
yields a precipitate witii plumbic acetate, the pectin having 
undergone conversion into parapectin — z. substance which is 
always present together with pectin in ripe fruit. Parapectin 
is converted on boiling with diluted acids into metapeciiuy 
the aqueous solution of which reddens litmus-paper and is 
precipitated by baric chloride, whereby it is distinguished 
from pectin and parapectin. Metapectin is a constituent of 
over-ripe fruits. The composition of these three substances 
is approximately represented by the formula C32H48O32. 

The end-product of the action of pectase on pectose is the 
so-called metapectic acid ; and it is said that all pectous sub- 
stances may be converted by the action of acids or alkalies 
either directly into this acid, or into products which yield 
this acid after further treatment. The formula C8H14O9 
has been provisionally assigned to it, but this cannot be con- 
sidered as definitely established. 

FERMENTATION. 

Frequent allusion has heen made to the peculiar decomposi- 
tion, technically termed fermentation, which most of the carbo- 
hydrates of the composition CgH„Og undergo when in contact 
in dilute aqueous solution with beer-yeast. Cane-sugar and its 
isomerides do not undergo fermentation,but are rapidly converted, 
in contact with yeast, into compounds of the CgHjjOg group. 

In the case of glucose and its isomerides, the change which 
occurs during the vinous fermentation induced by yeast con- 
sists in the main in the resolution of the sugar into ethylic 
alcohol and carbonic anhydride ^ : C^Hj^Og = 2C2HgO + 2CO2, 
but these are not the only products. The gas evolved invariably 
contains a small proportion of hydrogen, and apparently also 
traces of a hydrocarbon of the CnHgn + a series, and homologues 
of ethylic alcohol {i.e. propylic, tetrylic, pentylic, and hexylic 

' On an average, about 95 per cent, of the sugar appears to undergo 
this change. 
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alcohols), glycerin,^ mannite, acetic and succinic acid are also- 
produced in small quantities. The progress of fermentation and 
the ratio between the products appear to be influenced both by 
temperature and by pressure. The limit of temperature within 
which fermentation takes place most readily is about 20°-4o° ; 
at lower temperatures it proceeds very slowly, and ceases 
altogether at 0°. Fermentation appears to be retarded, accord- 
ing to recent observations,* by a reduction of pressure, and at 
the same time the ratio between the carbonic anhydride and 
alcohol produced is not the same as when the fermentation 
occurs under ordinary pressures, a relatively larger proportion 
of carbonic anhydride being formed ; also the amount of hydro- 
gen evolved is greater, and proportionately more acetic acid is 
produced, when the fermentation is conducted in vacuo than 
when it is conducted under ordinary pressures. 

It is indispensable that the solution of sugar be not too con- 
centrated, otherwise fermentation takes place but imperfectly, 
owing probably ^o the action' exercised by the resulting alcohol 
on the yeast ; on the other hand, it must not be too dilute, since 
if this be the case the fermentation is extremely slow and irregular. 

The nature of the process of vinous fermentation and of the 
part played by the yeast has long been a matter of speculation. 
Yeast consists of round or egg-shaped cells, about j^ of a milli- 
metre in diameter, which are formed of an outer wall of cellulose 
enclosing a liquid often containing what appear to be minute 
granules. In ordinary beer-yeast there are usually present, 
together with these cells of Torula cerevisicBy cells of a second 
organism, Penicillium glaucum^ which are smaller and of a some- 
what different form. These latter may be roughly separated 
from the torula cells by filtering a quantity of water in which 
some yeast has been shaken up ; the penicillium cells then pass 
through with the liquid, whilst the larger torula cells remain 
in great part on the filter. It is found that whereas vinous 
fermentation ensues when the residue on the filter is added to a 
sugar solution, the addition of the filtered liquid to a similar 
solution causes it to undergo the lactic fermentation. 

* According to Pasteur, glycerin is formed to the amount of about 
3 per cent, of the sugar decomposed. 

* H. Brown, journal of the Chemical Society^ noY. x, ^. Vl^^"*^'"^* ^^* 
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The yeast-cells grow and multiply in a fermenting liquid, but 
the presence of nitrogen, phosphorus, sulphur, potassium, and 
magnesium in the combined form (as ammonia, phosphate, sul- 
phate, &c.) appears to be absolutely essential to their growth, 
since otherwise the yeast after a time becomes inactive and 
incapable of inducing fermentation ; atmospheric oxygen is not 
required, however. Washed yeast suspended in water rapidly 
enters into fermentation at a temperature of 30^-35° the cell- 
contents undergoing change with formation of alcohol and 
evolution of carbonic anhydride ; finally, inactive yeast-remains 
containing proportionately less nitrogen than the original yeast, 
a portion of the nitrogen ha\'ing gone into solution. Active cells 
contain a certain proportion of soluble nitrogenous constituents, 
but the nitrogenous substance in those which have become 
inactive is insoluble. The ash (7-8 per cent.) which is left on 
incineration of dry yeast consists chiefly of phosphates of the 
alkali and alkaline earthy metals. 

Pasteur, to whom we are indebted for a m^ss of most valu- 
able observations on the phenomena of fermentation, considers 
that the development of the yeast-cells is an essential part of 
the process of lermentation, and that they live at the expense of 
the sugar, withdrawing from it a portion of the substance neces- 
sary to their continued growth and propagation, this withdrawal 
of a portion of its constituent matter causing the sugar to break 
up into simpler substances. 

According to Liebig, on the other hand, the decomposition of 
sugar on fermentation is not the result of the withdrawal from it 
of matter necessary to the growth of the yeast-cells, but is due 
10 the impetus to change which is imparted to it by the chemical 
changes continuously occurring in its immediate neighbourhood 
in some unstable substance generated in the yeast-cells,* the 
state of vibration set up within the latter being propagated to 
the sugar particles and determining the breaking apart and re- 
arrangement of their constituent elements. According to this 
view, the continued growth of the yeast-cells is necessary 
simply in order that there may be a supply of the unstable sub- 

* An aqueous extract of yeast, prepared by shaking up yeast with 
cold water, rapidly converts cane-sugar into dextrose and laevulose, but 
It cannot induce any fiuther change. 
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stance, and to this extent only is it an essential part of the 
process. 

Several of the by-products of vinous fermentation are doubt- 
less the result of secondary action, and are not formed by the 
mere splitting up of the sugar, but at present a decision on this 
point can scarcely be arrived at, on account of the want of 
experimental evidence. Thus mannite and glycerin are in all 
probability products of the action of nascent hydrogen, as are 
perhaps the homologues of ethylic alcohol which are produced,* 
whilst succinic acid is doubtless an oxidation-product. The 
source of the nascent hydrogen and oxygen is not far to seek, 
since there is reason to believe that water is decomposed into 
its elements during fermentation. 

Yeast is capable of inducing change in substances other than 
members of the sugar group. Thus when a mixture of calcic 
malate with water and yeast is set aside in a warm place, car- 
bonic anhydride is evolved, and the malate is gradually converted 
into calcic succinate, acetate, and carbonate. This change may 
be empirically represented as follows : 

aC^H^Oj = iQ^fi^ + C2H4O2 + 2CO3 + OH3. 

Malic acid. Succinic acid. Acetic acid. 

If the mixture become too hot, however, hydrogen is also 
evolved and comparatively little succinic acid is produced, but 
a large quantity of butyric acid, C^HgOj. It is evident that in 
this case a complex series of changes occur : Malic acid being 
monoxysuccinic acid, C2H3(OH)(C02H)2, its conversion into 
succinic acid, Qc^J^O^\^ is doubtless due to reduction : 
C2H3(OH) (COjH)^ + Hj = CaH^CCO^H)^ + OH^, the formation 
of butyric acid being the result of continued reduction : 
C2H,(C02H)2 + 3H2 = C3H7(C03H) + 20H,; whilst the acetic 
acid and carbonic anhydride are possibly oxidation-products. 
Other plant acids behave similarly, but in none of these cases 
has it been observed that the yeast-cells multiply. 

* It has recently been shown (Bouchardat, Comptes Rendus, Ixxiii. 
1008) that by the action of nascent hydrogen (sodium amalgam) on a 
solution of glucose, there are produced together with mannite, isopro- 
pylic, amylic, and hexylic alcohols ; a solution ol \aNtTX«^. xcc^-ijm^s. 
sunihrl/ treated yielding dulcite in addiviou Xo \}|[iSSA ^x<^^cX^« 
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A number of ferment-like substances exist in various plants 
which are capable of producing changes similar to those which 
occur when starch, or saccharose and its isomerides, are acted 
upon by saliva, malt-extract, yeast-water, &c. Thus the bitter 
almond contains, together with amygdalin, a peculiar unstable 
nitrogenous substance termed emulsin, which converts amyg- 
dalin into benzoic aldehyde, glucose, and hydrocyanic acid ; ^ and 
the seeds of black and white mustard contain a nitrogenous 
substance myrosin^ which is capable of converting the potassic 
salt of myronic acid, a constituent of the black mustard seed, 
into glucose, allylic sulphocyanate and hydric potassic sulphate.' 
The active matters in- saliva, malt and yeast extract, &c., appear 
to be highly alterable nitrogenous compounds; in common 
with emulsin and amygdalin they entirely lose their power of 
causing the various changes which have been mentioned when 
heated in aqueous solution, even to a temperature considerably 
below that of boiling water, doubtless owing to their having 
undergone alteration. 

Lactousand Butyrous Fermentation, — If a solution of cane or 
milk sugar be mixed with putrefying cheese, or milk, and chalk, 
and the mixture allowed to stand some days at a temperature of 
3o°~35°, the sugar is gradually converted into lactic acid : 
Q^x'fi^'^'2'^^fiy The function of the chalk is to neutralize 
the acid as it is formed, which would otherwise prevent th6 
continuance of fermentation. 

If, after the conversion into lactic acid is complete, the action 
be allowed to continue, the calcic lactate gradually disappears 
and is ultimately in great part converted into calcic butyrate 
with evolution of hydrogen and carbonic anhydride ; acetic acid 
(C3H4O2) and caproic acid (CgHuOa) are also produced simulta- 
neously, and less hydrogen than is required by the equation 
^.CjHgOj = C^HgO, + 2CO2 + 2H2, which assumes the entire con- 
version of the lactic into butyric acid, is evolved ; sometimes 
even pure carbonic anhydride is generated. This is perhaps in 
part explained by the fact that a portion of the butyric acid is 
reduced to butylic alcohol, which appears to be a constant pro- 
duct of butyrous fermentation : C4H8O2 + 2Hj « Qfi^^O + OH^ 

» C20H27NO1X + 2OH2 « CTHeO + 2CeHi20e + HCN. 
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The active cause of both the lactous and butyrous fermentation 
is apparently the Penicillium glaucum. 

Mucous Fermentation, — This is a peculiar decomposition 
undergone by sugar when in presence of certain nitrogenous 
substances. Thus the juice expressed from sugar beet when 
kept assumes a gummy consistence, but after a time again 
becomes liquid ; hydrogen and carbonic anhydride are evolved, 
and at the close of the fermentation the solution contains man- 
nite, a gum isomeric with arabin, a non-crystallisable sugar, and 
lactic acid. 

Acetous Fermentation, — The conversion of alcohol into acetic 
acid (vinegar manufacture) which takes place under the influence 
of the so-called acetous ferment {Mycoderma acett)^ is doubtless 
a simple pfTocess of oxidation. At most the mycoderm acts as a 
carrier of atmospheric oxygen, which it absorbs within its pores, 
thereby bringing it into iniimate contact with the alcohoL In 
this respect the action of the mycoderm is perfectly comparable 
with that of finely-divided platinum, which at once determines 
the union with explosion of oxygen and hydrogen owing to the 
gases being brought into intimate contact within the pores of 
the platinum^ and the oxidation of alcohol to aldehyde and 
acetic acid. 

MERCAPTANS OR THIO-ALCOHOLS. 

The relation which these compounds bear to the alcohols is 
of precisely the same character as the relation which exists 
between the metallic sulphydrates and the metallic hydrates: 

C2H5.OH; C2H5.SH. NaOH; NaSH. 

Ethylic hydrate. Ethylic sulphydrate. Sodic hydrate. Sodic sulphydrate. 

Mercaptans corresponding to the monohydric alcohols of 
the C^Han+i-OH, C^Haa i.OH,and CnHan + r-OH* series; to 

> This series includes compounds of two classes, which correspond 
respectively to the phenols and to benzylic alcohol and its homologues. 
The mercaptans of the former class {thiopkenols) cannot be prepared by 
the action of metallic sulphydrates on the haloid derivatives of the 
corresponding hydrocarbons ; but those of the latter class 'are readily 
obtamed from the mono-haloid derivatives formed by the actiow ol 
chlorine or bromine on the boiUng bydxocax\^OT& VoiEksJvo^Nis. ^«>Ssi. 
benzene. 
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the dihydric alcohols of the CnH2„(OH)2 and C„H2n_8(OH)2 
series ; and to the trihydric alcohols of the CnH2n_i(OH)3 
series, are known. Several compounds, intermediate between 
the alcohols and mercaptans have been obtained ; such as 

C2H4 ^^TT intermediate between G3H4 1 QTT and C2H4 1 QTT 

(OH (OH 

and C3H5 \ OH and C3H5 \ SH, intermediate between 



i SH I SH 



CaHj 



OH 

OH and C3H5 

OH 



SH 
SH 
SH. 



General Methods of Formation. — i. By the action of potassic 
sulphydrate on haloid derivatives of the hydrocarbons of the 
CnH2n+2 and CaH2n series, thus : 

CaH2n+lCl + KSH := CnH2n4.i.SH + KCl. 

CnHsaCla + 2KSH = C^H2n(SH)2 + 2KCI. 
CaHan-iCla + 3KSH = C,H2a-i(SH)3 + 3KCI. 

2. By distillation of the corresponding alcohols with phos- 
phorus pentasulphide, e.g. : 

5CnH2n+l-OH + P2S5 = 5CnH2n+i.SH + P2O5. 

This method has hitherto only been applied to the pre- 
paration of mercaptans corresponding to monohydric alcohols 
of the CnH2n+i-0H and CnHjn^y.OH series, but is doubtless 
of general application. 

3. By the action of nascent hydrogen on the acid chlorides 
derived from the sulphonic acids, for example : 

C6H.5(S02.0H) + PClg = C6H5(S02C1) + POCI3 + HCl ; 

Benzenesulphonic acid. Benzenesulphonic chloride. 

C6H5(S02C1) + 3H2 = CgHs.SH + HCl + 2OH2. 
This method appears to be generally available. 
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4. The mode of preparing the compounds intermediate 
between the alcohols and mercaptans will be evident from 
the following examples : 

C3H5(0H)2C1 + KSH = C3H6(OH)2(SH) + KCl. 

Monochlorhydrin 

C3H5(OH)Cl2 + 2KSH = C3H5(OH)(SH)2 + 2KCI. 

Dichlorhydrin. 

Properties, — The mercaptans of the Cnlijn+i.SH* and 
CnH2n_i-SH series are mobile colourless liquids ; those of 
the CnH2n(SH)2 and CnH2n_i(SH)3 are viscid liquids which 
undergo alteration on distillation ; the first term of the 
CnHgn.y.SH scries {Thiophefiol, CgHg-SH) is a liquid, but its 
homologues are mostly crystalline. The only known mem- 
ber of the CnH2n_8(SH)2»series {Thioresorcin, C6H4(SH)2) is 
a crystalline solid. Nearly all the mercaptans possess 
offensive alliaceous odours. The mercaptans yield metallic 
derivatives analogous to those obtained from the alcohols. 
These derivatives are bodies of considerable stability, and 
many of them are readily obtained in a crystalline condition ; 
they are formed from the mercaptans by the action of metals, 
such as sodium and potassium, or of metallic oxides, such 
as mercuric oxide,^ or by the addition of metallic salts, such 

^ The following mercaptans of the CnHan + i-SH series have been 

obtained : 

B.-P. 

Methylic sulphydrate CHg.SH ' 21° 

Ethylic „ C2H5.SH 36° 

Isopropylic ,, C3H7.SH 57°-6o° 

Isobutylic* „ C4H9.SH 88° 

Isoamylic* „ CgHu.SH about 120° 

* These arc derived from the alcohok of fermentation. 

' The name mercaptan (from corpus mercurio aptum\ which has now 
become generic, was originally applied to the first-discovered member 
of the class (ethylic sulphydrate, CoH^.SH) on account of the ener^etvc 
reaction which occurs when it is brought m coxi\ajc\. \i\'0a.TJv<et^>cav;:.^"«5S*,<. 
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as plumbic acetate and mercuric chloride, to their alcoholic 
solutions. 

Most characteristic of the mercaptans, however, is their 
behaviour on oxidation by nitric acid, whereby they are 
ultimately converted into sulphonic acids, thus : 

2CnH2n+l.SH + 3O2 = 2CnH2n+i.S03H. 
QH2n(SH)2 + 3O2 = C,H2,(S03H)2. 



CHAPTER VII. 

ETHERS. 

The ethers are a class of compounds bearing to the alco- 
hols precisely the same relation that the metallic oxides bear 
to the metallic hydrates ; they may, in fact, conveniently be 
regarded as oxides of radicles of which the alcohols may be 
considered to be the hydrates, thus : 

§g»)0; C,H,OH. N^)0; Na.OH. 

Ethylic oxide^ Ethylic hvdrate Sodic oxide. Sodic hydrate. 
' ' ■" ilc< ■ 



(ethylic ether), (ethylic alcohol). 

(OH ^„^. ^„fOH 

OH. 

Ethylenic oxide. Ethylenic hydrate. Baric oxide. Baric hydrate. 



C2H4O; C2H4Jgg BaO; Ba(; 



General Methods of Preparation, — The ethers of the 
(C„H2„+i)20, (CnH2n.i)20 and (CnH2n_ 7)20 scries, corre- 
sponding to the monohydric alcohols of the ethylic, allylic, 
and benzylic series, are obtained by the action of the mono- 
haloid derivatives' of the corresponding hydrocarbons on the 

' Only such mono-haloid derivatives as are convertible into, or are 
derived from, corresponding alcohols are available, however. For 
example, the monochloropropylene (allylic chloride) derived from allylic 
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sodium o^: potassium derivatives of the corresponding al- 
cohols, e.g. : 

R'l 4- R'.ONa = R'.O.R + Nal » 

If the mono-haloid derivative taken is derived from, or 
convertible into, an alcohol identical with that from which 
the metallic derivative employed is formed, so-called simple 
ethers are obtained ; if it is derived from, or convertible 
into, an isomeric, homologous, or isologous alcohol, so- 
called mixed ethers are produced. Thus by th^ action 
of ethylic iodide (iodethane) on sodic ethylate (C2H5I + 
C2H5.0Na=NaI+C2H5.0.C2H5) the simple ether, ethylic 
oxide is obtained, which is metameric with the mixed ether, 
propy lie methy lie oxide J^^iYO.Q'^-^^ formed by the action of 
propylic iodide (a-iodopropane) on sodic methylate, and with 
the isomeric ether isopropylie methylie oxide, (C3H7)^O.CH3, 
from isopropylic iodide (/3-iodopropane). Similarly, by the 
action of the mono-haloid derivatives of the paraffins on the 
metallic derivatives of allylic alcohol, or by the action 
of allylic chloride, bromide, or iodide on the sodium or 
potassium derivatives of the monohydric alcohols derived 
from the paraffins, a series of mixed ethers of the form 
CnH2n+ 1.O.C3H5 are obtained Other series of mixed ethers 
are produced by the action of the mono-haloid derivatives 
corresponding to the alcohols of the ethylic, allylic, and 
benzylic series on the sodium derivatives of the phenols, e.g. : 

CgHs.ONa + C2H5I = C6H5.O.C2H5 + Nal. 
CgHs.ONa + C3H5C1 = C6H5.0.C3H5 + NaCl. 

A second general method of preparing pimple and mixed 

alcohol readily lends itself to this reaction, but the isomeric monochloro- 
propylene which is the first product of the action of potassic hydrate on 
dichloropropane, and which cannot be converted into a corresponding 
alcohol, is resolved into allylene and hydrochloric acid. 

* In this equation R denotes a radicle of the CaH2n+i,CnH2n_i, or 
CnHan-T series. 
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ethers corresponding to the alcohols of the ethyUc and 
allylic series consists in acting upon the acid ethereal salts 
formed from the alcohols and sulphuric acid with the alcohols 
of these series, thus : 

C„H2, + i.0H + H2SO4 = C„H2„+,.HS04 + OH2; 

CnH2n+j.0H + CnH2n+l'HS04 = CnH2n+ l'O.CaH2n+i 

+ H2SO4. 

Neither of the above methods is available for the prepara- 
tion of ethers corresponding to the phenols. Only one such 
compound is known, phenylic ether^ obtained by fusing 
phenol with diazobenzene sulphate : 

C6H5(N2HS04) + C6H5.OH = (C6H5)20 + N2 + H2SO4. 

The ethers corresponding to the dihydric alcohols, the 
glycols, are prepared by the withdrawal of hydrochloric acid, 
by the action of potassic hydrate, from the chlorhydrins 
formed from these alcohols by the action of hydrochloric 
acid : 

C„H2„(OH)2 + HCl = OH2 + CnH2n(0H)Cl ; 
C„H2,C1(0H) + KHO = KCl + OH2 + C„H2„0. 

Numerous mixed ethers are obtained by the action of 
mono-haloid hydrocarbon derivatives on the sodium deriva- 
tives of the glycols, e.g. : 

C2H4(ONa)2 + 2CH3I = C^H4(OCH3)2 + 2Nar. 

The ether of the trihydric alcohol glycerin is obtained, 
together with other products, on heating glycerin with calcic 
chloride : 

2C8H5(OH)a = 3OH2 -h (C3H5)203. 

It is a colourless somewhat thick liquid. A compound inter- 
mediate between this glyceric ether and glycerin, bearing to 
them the same relation that bismuthous hydrate, BiO(OH), 
bears to bismuthic oxide, Bi^Os, and to bismuthic hydrate, 
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Bi(0H)3, is produced by acting upon the monochlorhydrin 
of glycerin with potassic hydrate : 

C3H5C1(0H)2 + KHO = CaHsOCOH) + KCl + OH2. 

Numerous mixed ethers have been obtained by the action 
of the chlorhydrins of glycerin on the sodium-derivatives of 
the alcohols of the ethylic and allylic series. 

Little is known of the ethers of other series than the above- 
mentioned. 

General Properties of the Ethers, — ^The simple and mixed 
ethers derived from the monohydric alcohols of the ethylic 
and allylic series are colourless mobile liquids. By pro- 
longed heating with water they are resolved into their gene- 
rators, the alcohols : 

R.O.R -h OHj = R.OH -h R.OH. 

On digesting them with concentrated sulphuric acid the cor- 
responding acid ethereal sulphates are produced ; 

R.O.R + H2SO4 = R.OH -h RHSO4 ; 
R.OH + H2SO4 = RHSO4 + OH2. 

They are similarly decomposed on heating with concentrated 
aqueous solutions of the haloid acids : 

R.O.R -f HCl = RCl -f R.OH ; 
R.OH -f- HCl = RCl -h OH2 ; 

and by the action of phosphoric chloride : 

R.O.R -f PCI5 = RCl -I- RCl H- POCI3. 

The mixed ethers of the form CnH2n-7.0.CnH2n+r de- 
rived from the phenols behave somewhat differentiy. They 
are decomposed by the haloid acids (most readily by hy- 
driodic acid) in the manner represented by the equation ; 

CnH2n_7.0.CnH2n+l + HI = CnH2n_7.0H "h CnH2n+lI > 

• These are generically termed anisols^ the first member of ti«. ^wrs.^ 
CHg.O.CeHs, having received the name anuol oiw ^K«css»^. ^^^ ^^s» 
formation from anisic acid. 

P 
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and on treating with concentrated sulphuric acid are con- 
verted into sulphonic acids : 

The ethers derived from the phenols appear to be still 
more stable compounds. Thus phenylic ether (a crystalline 
compound melting at 28° and distilling at 248°) is not 
affected by heating with a concentrated aqueous solution of 
hydriodic acid to 250° ; concentrated sulphuric acid converts 
it into the disulphonic acid (C6H4.HS03)20. 

The ethers derived from the glycols are far less inert com- 
pounds than the ethers derived from the monohydric alco- 
hols ; they combine with water (to reproduce the glycols), 
the haloid acids, acetic anhydride, &c., thus : 

QH^nO + OH2 = QH2„(OH)2 ; 
CnHa^O + HCl = CnHanCl (OH) ; 

CnH2,0 -I- (C2H30)20 = C„H2n(O.C2H30)2. 

These changes are readily effected by gently heating the 
ethers with the respective reagents in closed vessels. 

Ethvlic Oxide {Ethylic Ether^ Ether), C4H10O = 
(€21^5)20. — Preparation, — On the large scale ether is always 
prepared by the so-called continuous process : — 

A mixture of 5 parts of 90 per cent, alcohol with 9 parts of 
concentrated sulphuric acid is heated to a temperature of 140°- 
145° in a vessel provided with an efficient condenser, and a 
constant stream of alcohol allowed to flow in, the rate of 
flow being so regulated as to maintain the temperature at about 
140®. Water and ether distil over together, the formation of 
the latter being the result of two separate and successive 
changes : the alcohol is in the first instance converted into 
hydric ethylic sulphate (sulphovinic acid), which by the action 
of a further quantity of alcohol is converted into ether and sul- 
phuric acid, thus : 

I. C2H5.OH + H,S04-OH3 + CaH5.HS04; 
^. QH,.OH + CjjHyHSO^ = (C<iH J^O + HaSO^. 
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The acid thus liberated again enters into reaction with alco- 
hol, and is again liberated, and this cycle of changes is repeated 
over and over again. Theoretically the same quantity of acid 
should convert an unlimited quantity of alcohol into ether ; 
practically, however, this is not the case,^ partly in consequence 
of the retention of water by the acid which thus becomes too 
dilute to etherify the alcohol, partly in consequence of the 
occurrence of carbonisation and oxidation at the expense of the 
sulphuric acid. If, in the first place, a mixture of some other 
alcohol than the ethylic with sulphuric acid be taken and ethylic 
alcohol be then added gradually, a mixed ether is produced ; thus, 
supposing amylic alcohol be taken, ethylic amylic ether is 
obtained : 

QH.j.OH + HjSO^ « OHj + CjHii.HSO^; 
C2H5.OH + CjHij.HSO^ = QHj^.O.CjHji + H^SO^. 

Properties, — Ethylic oxide is a colourless very mobile 
liquid, having a peculiar exhilarating odour ; it is very vo- 
latile, boiling at 35°. 5 — the vapour forms a highly explosive 
mixture with air; it is somewhat soluble in water, and mis- 
cible in all proportions with alcohol. Ethylic oxide combines 
with bromine, with evolution of heat, forming a crystalline 
compound (C4HioOBr3)2, which is decomposed by water 
into its generators. By the action of chlorine on ethylic 
oxide a series of substitution-products is obtained, namely : 

C2H.4CI.O.C2H5 C2Hd4 O.C2H5 

C2H.3Cl2»O.C2H5 K^^^^b'^'^i'^b* 

C2H2CI3.O.C2H.5 

By the prolonged action of chlorine in sunshine it is ultimately 
converted into the perchlorinated derivative, C2CI5.O.C2CI5. 
The homologous ethers * closely resemble ethylic oxide. 

* The 9 parts of acid suffice to convert about 35 parts of alcohol 
into ether. 

* The following ethers derived from normal primary alQjdbL^\& ^i^'&> 
ethylic series are known ; — 
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THIO-ETHERS. 

Whereas the ethers are the analogues of the metallic 
oxides, the thio-ethers are the analogues of the metallic 
sulphides : they bear the same relation to the mercaptans or 
thio-alcohols that the ethers bear to the alcohols : 

C2H5.SH \ C2H.5.S.C2H5 ) 03x15.0x1 ; Q,i^jA.^Xj,\Z^)A.^^ 

Thio-ethers have been obtained by the following general 
methods : — 

1. By the action of mono-haloid derivatives of the hydro- 
carbons of the CnH2n+2> CnH2n> and CnH2n_6* serics on 
potassic or sodic sulphide, e.g. : 

2CnH2a+iBr -t- K2S = (C„H2„+,)2S + 2KBr. 

2. By the action of mono-haloid derivatives of the hydro- 
carbons of the CnH2n+2> ^J^in^ ^nd CnH2n_6^ seHes on the 
sodic or potassic derivatives of the mercaptans, e.g : 

CnH2n_iI + CnH2n+i.SNa = NaH-CnH2n+i.S.CnH2n_i. 

This method is applicable to the formation of mixed thio- 
ethers corresponding to the anisols from thiophenols. 

• 3. By distillation of the lead derivatives of the mer- 
captans : 

(C,H2n+iS)2Pb = (CnHan+OaS + PbS. 

B.-P. 

Methylic ether . . CaHeO sCHg.O.CHs -21*' 

Methylic ethylic ether . C^fi = CH3.O.C2H5 + 11° 

Ethylic ether . . QHjoO-QHe.O.CaHs . 35^.5 

Methylic propylic ether C5H12O = CH3. 0. C3H7 49-52*" 

Ethylic propylic ether . C5H12O ^CaHg.O.CaH^ 68-70^ 

Propylic ether . . C^YL-,Jd^Q^^.O.Z^^ 85 -86* 

Butylic ether . . C8Hi80=C4Ho.O.C4H9 141* 

* The chlorinated and brominated derivatives of toluene and its 
homologues obtained by the action of chlorine or bromine on the 
2)oilJi2g' hydrocarix>ns are alone available. 
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This method is available for the preparation of simple 
thio-ethers from the thiophenols; in fact, it is generally 
applicable whenever the thio-ether to be produced is capable 
of being distilled unchanged. 

General Properties, — With few exceptions the thio-ethers 
are colourless or yellow liquid bodies, possessing character- 
istic offensive odours. The thio-«ethers of the (CnH2n+i)2S 
and (CnH2n_i)2S series unite directly with the moniodo- 
paraffins and olefines obtained by the action of hydriodic 
acid on the alcohols of the ethylic and allylic series, to 
form a remarkable series of crystalline compounds ; e.g. : 

(CnH2n + l)2S' -f CnH2n + iI = (CnH2n+ 1)38*^!. 

These compounds are converted by the action of moist 
argentic oxide into the corresponding hydrates : 

2(QH2,+ 03SI + Ag2O + OH2=2(C^H2a+l)3S.OH + 2AgI. 

These hydrates closely resemble the metallic hydrates ; their 
aqueous solutions are strongly caustic, exhibit an alkaline 
reaction, and precipitate metallic hydrates from solutions of 
metallic salts, thus : 

2(CnH2a+i)3S.OH + ZnS04 = 

Zn(0H)2 -h 2[(QH2a+l)3S]S04. 

The corresponding chlorides form crystalline double salts 
with platinic chloride ; 

2(CnH2„+,)3SCl + PtCl4 = 2(C,H2n+,)3SCl, PtCl4. 

On oxidation the thio-ethers are directly converted into 
compounds of the form R2SO, or R2SO2 ; the ethers of the 
(CnH2n+i)2S aud (CnH2n_i)2S seHes yielding compounds 
of both classes, whilst the ethers of the (CnH2n_7)2S series 
derived from the thiophenols appear to yield only com- 
pounds of the latter class. 

AnaJojgues of the metallic disulpYiides ^ ^^ ^^ OoNsccs^fc^ 
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by the action of the halogens on the metallic derivatives of 
the mercaptans, e.g. : 

2C„H2„_7.SNa + I, = 2NaI + (C„H2n_7)2S2 ; 

and by careful oxidation of the mercaptans : 

^CnHgn+i-SH -f O = OH2 + (CnH2n+ 1)282. 

These sulphides are reconverted into mercaptans by the 
action of nascent hydrogen : 

(CnH2n+ 1)282 + H2 = 2CnH2n+i.SH. 



CHAPTER VIII. 

ALDEHYDES. 

The aldehydes are a class of compounds intermediate 
between th^ primary alcohols and the corresponding acids, 
and are formed from the alcohols by the simple withdrawal 
of hydrogen — hence the name aldehyde, which is an abbre- 
viation of alcohol dehydrogenatum. The monohydric primary 
alc<Jhols are converted into the corresponding aldehydes by 
the withdrawal of two units of hydrogen ; the dihydric by 
the withdrawal of four units ; in short, a primary alcohol 
which is «-hydric is converted into the corresponding alde- 
hyde by the withdrawal of 2n units of hydrogen. The 
aldehydes are the first products of the oxidation of the 
primary alcohols ; they are characterised and distinguished 
from the ketones, which are similarly related to the secondary 
alcohols, by the fact that they are converted on oxidation 
into acids containing the same number of units of carbon, 
the change consisting in the assumption of an amount of 



Aldehydes, 215 

oxygen equivalent to the amount of hydrogen withdrawn in 
the formation of the aldehyde from the primary alcohol ; 

CoHgO-Ha = C2H4O ; C2H4O 4-0 = C2H4O2. 

Alcohol Aldehyde. Aldehyde. Acetic acid. 

The methods employed in the formation of the primary 
monohydric alcohols, and their behaviour with reagents, 
have led to their representation by the general expression 
R.CH2(0H), R being a monad hydrocarbon group or 
radicle ; in other words, the group (CH2.OH) is regarded 
as common to the monohydric primary alcohols ; similarly, 
the polyhydric primary alcohols, which are «-hydric, are 
formulated as containing the group (CH2.OH) // times. 
On the other hand, a consideration of the reactions giving 
rise to the formation of aldehydes and their chemical beha- 
viour, has led to the assumption that in the conversion of 
the primary alcohols into aldehydes, the group (CH2.OH) 
is alone affected, and is converted into the group (COH). 
Hence the aldehydes derived from monohydric alcohols are 
generally represented by the expression R'.COH, and the 
monobasic acids formed from them by oxidation by the for- 
mula R'.CO(OH); the relation between the three series 
of compounds, as a comparison of the following general for- 
mulae will show, is thus of an extremely simple character : 





R' 


fR' 


fR' 


Civ, 


H2 ; 


C'MO" ; 


C'^- 0" 




(OH)' 


H 


((OH)' 


Mono 


hydric alcohol 


Aldehyde. 


Monobasic acid 



At present we are only acquainted with aldehydes derived 
from monohydric and dihydric alcohols ; those correspond- 
ing to the more important lower terms of the CnH2n + i-OH, 
CnH2n_i.0H, and CnH2n_7.0H series of monohydric al- 
cohols have been chiefly studied, and we have little or no 
knowledge of the higher terms of the series. 
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ALDEHYDES OF THE COMPOSITION R'.COH. 

General Methods of Formation, — i. By the oxidation of 
the primary alcohols : 

2R'.CH2(OH) + 02 = 2R'.C0H + 20H2.» 

* It is usually supposed that the change which occurs on oxidation 
of the alcohols consists simply in the withdrawal of Hg from the 
CHa(OH) group and the simultaneous resolution of the monad (OH) 
group into its constituents, thus : 

R'.CH2(0H) + O - OH2 + R'.C(OH) = R'.COH. 

There is some probability, however, attaching to the assumption that 
the formation of the aldehyde is the result of two distinct changes, the 
first of which consists in the production of a compound of the form 
R'.CH(OH)(OH), which is subsequently broken up into the aldehyde 
and water, the former of these changes being brought about either (a) 
by the direct addition of oxygen to the alcohol, or {b) by the combined 
influence of the nascent oxygen and water, or (r) p>erhaps by the agency 
of hydroxyl (hydric peroxide, (OH)2) itself, thus : 

(fl) R'.CH2(OH) + = R'.CH(OH)2. 
{b) R'.CH2(OH) + + OH2-R'.CH(OH)2 + OH2. 
(r) R'.CH^iOH) + (OH)2-R'.CH(OH)o + OH2. 
R'.CH(OH)a -R'.COH + OH^. 

In support of this hypothesis is the fact that the aldehydes are known to 
form unsttable compounds with water of the composition R'.CH(OH)2, 
which are readily broken up into the aldehyde and water. 

The same applies to the secondary alcohols which yield ketones on 
oxidation (see p. 149, and ketones), thus : 

R'2.CH(OH) + O + OH2 - R'a.C(OH)2 + OHj, ; 
R'a. C(OH)2 = R'sCO + OH2. 

In the case of the tertiary alcohols, R'3.C(0H) (see p. 149), the 
first change possibly consists in the resolution of the alcohol into a com- 
pound of the formR'a.C(OH)9, which is subsequently resolved into a 
ketone and water, and an alcohol of the form R'. OH which at once 
undergoes further oxidation. Thus in the case of dimethylisopropyl- 
carbinol, which yields acetone and acetic acid on oxidation, the reaction 
jnay be resolved into the following phases : 
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2. By dry distillation of an intimate mixture of calcic, 
potassic, or sodic formate and the corresponding metallic 
salt of a monobasic acid : 

HCO(ONa) + R'.CO(Na) = R'.COH + NagCOs. 

General Properties. — i. The aldehydes exhibit a remark- 
able tendency to suffer change, and, as a rule, can only be pre- 
served unaltered for any length of time if perfectly pure ; the 
presence of mere traces of impurity often suffices to ensure 
their gradual conversion, either into polymeric substances, 
or condensation-products (see acetic aldehyde), 

2. The aldehydes are readily converted by oxidation into 
corresponding acids, often by mere exposure to the air. In 
all cases this change is rapidly effected on warming with 
argentic oxide and water : metallic silver is deposited, the 
silver salt of the acid remaining in solution : 

R'.COH + AgaO = R'.CO(OH) +Ag2; 
2R'.C0(0H) -f AgaO = 2R'.C0(0Ag) + OH^. 

3. By the action of nascent hydrogen ^ the aldehydes are 
converted into the corresponding monohydric alcohols : 

R'.COH -h Ha = R'.CH2(0H). 
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CH(CH3)2.0H + O + OH2 = C(CH3)2(0H)2 + OH2 ; 
2C(CH3)2(OH)2 = 20H2 + 2C0(CH3)a. 

The acetic acid produced results from the oxidation of the acetone. 

This example, moreover, is a striking illustration of the law which 
appears to govern these changes, viz. : that if the tertiary alcohol which 
is oxidised contain dissimilar groups, the ketone which is formed always 
contains the two most stable — usually the least complex — groups, the 
least stable — usually the most complex — ^group being split off and at 
once further oxidised. 

> The hydrogen evolved by the action of metals on diluted acids is 
not generally available for this purpose *, usually ^^^ivoxsi ^xsai^j^^saLNs* 
added to a. solution of the aldehyde m y«al^* 
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Often the fixation of hydrogen is accompanied by condensa- 
tion, and a dihydric alcohol is also produced, thus : 

.R'.COH + H, = {^^;H;gH 

4. AVhen heated with fused potassic hydrate, the alde- 
hydes are converted into the potassic salts of the corre- 
sponding acids : 

R'.COH + KHO = R'.CO(OK) + Hj. 

In many cases the hydrogen thus set free reacts at the 
moment of liberation on a portion of the aldehyde, and 
converts it into the corresponding alcohol (see p. 1 70). 

5. By the action of phosphoms pentachloride or bromide, 
the oxygen of aldehydes may be replaced by the equivalent 
amount of chlorine or bromine, thus : 

RXOH + PCI5 - R'.CHCla + POCI3. 

6. By the action of chlorine, when certain precautions 
are observed, the aldehydes are converted into the corre- 
sponding acid chlorides (see acetic aldehyde) : 

R'.COH + CI2 = R'.COCl + HCl. 

7. The aldehydes combine directly with the acid sul- 
phites of the alkali metals, forming crystalline compounds, 
from which the aldehydes may be again obtained on treat- 
ment with a mineral acid or an alkaline carbonate : 

R'.COH + HNaSOa = R^CH(0H)(NaS03). 

These compounds afford a ready means of purifying alde- 
hydes. 

8. The aldehydes of the acetic or CnH2n + i.C0H series 
' combine directly with ammonia, forming crystalline com- 
pounds, the so-called aldehyde-ammonias : 
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The aldehydes of the acrylic or CnH2n_i.C0H series 
appear to behave differently — thus acrolein yields the com- 
pound CfjHgNO : 

2C3H4O -f NH3 = OH2 + CfiHgNO. 

By the action of ammonia on the aldehydes of the benzoic 
and allied series, the whole of the oxygen of the aldehyde is 
at once eliminated in the form of water, and so-called 
hydramides are produced : 

3C,H2n_7.COH + 2NH3 = 3OH2 + (C,H2„.7.CH)3"N2. 

The aldehyde-ammonias are mostly resolved into the 
aldehyde and an ammonic salt on treatment with acids ; 
on heating, either alone or with dehydrating agents, the 
oxygen they contain is partially or wholly removed in the 
form of water, and ammonia also split off, and a series of 
basic condensation-products, ^^«/<!//;7^j" and aldinesy is formed.^ 

9. By the action of aniline on the aldehydes, numerous 
phenylated-aldines are produced, the oxygen of the aldehyde 
being eliminated in the form of water ; thus in the case of 
acetic aldehyde : 

2N(C6H5)H2 + C2H4O = OH2 + N2(C6H,)2(C2H4)H2. 
2N(C6H5)H2 + 2C2H4O = 2OH2 + N2(C6H5)2(C2H4)2. 

Considerable interest attaches to many of the products thus obtained. 
Thus Schiff has recently shown that on digesting normal butjrric alde- 
hyde with an alcoholic solution of ammonia, it is converted into 
dibutyraldine, CeHi^NO = 2C4H8O + NH3 - OH2 ; and that on dry dis- 
tillation this product is converted into a substance of the same composi- 
tion as coftiney CgHisN, the poisonous alkaloid contained in hemlock. 
This artificial conine possesses almost all the properties of natural 
conine, with which, however, it appears to be isomeric and not identi- 
cal, natural conine being probably a der* ^.tive of isobutyric aldehyde. 
Similarly, Baeyer has shown that by submitting acrolein-ammonia — 
CgHgNO— to dry distillation, it is converted into picolin — CeH^N — 
a basic substance formed by the destructive d\sX>lVa.Nlv^TL <^\ ^:a\T^:v^ 
mattcrSj &c. 
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The aldehydes behave similarly with urea : by their 
action on a concentrated aqueous or alcoholic solution of 
urea so -called diureides are produced, thus : 

2CON2H, + C,H„0» = OH., + C,H„(CON2H3)2 ; 
whilst by their action on dry urea triureides are formed : 

CON^HaicH 
3CON2H4 + 2CnH„0 = 2OH2 + CON2H3;/ "^ 

CONaHgl^nH^ ; 

and similarly even still more complex compounds may be 
obtained. The ureides are readily resolved by the action of 
boiling water, or diluted acids, into the aldehydes and urea. 

1 0. The aldehydes combine directly with hydrocyanic acid; 
on heating the compounds formed with dilute hydrochloric 
acid, oxy-acids containing one unit of carbon more than the 
aldehyde employed are produced (see lactic acid) : 

R'.COH + HCN = R'.CH(OH)(CN) ; 
R'.CH{OH)(CN) + 2OH2 = R'.CH(0H)(C0.0H) + NH3. 

Corresponding amido-acids are obtained on digesting the 
aldehyde-ammonias (p. 218) with hydrocyanic acid, and 
subsequentiy heating the product with dilute hydrochloric 
acid : 

R'.CH(0H)(NH2) + HCN = R'.CH(CN)(NH2) + OHg ; 
R'.CH(NH2)(CN) + HCl + 2OH2 = 

NH4CI + R'.CH(NH2)(C0.0H). 

11. Many of the aldehydes also combine with such com- 
pounds as monochlorethane (ethyUc chloride)— C2H5CI, 
acetic chloride — C2H3OCI, acetic anhydride— (C2H30)20, 
alcohol, hydrochloric acid, and water. All these additive 
compounds are highly unstable, however, and are readily 
resolved into their components. 

This expression denotes generally an aldehyde derived from a 
laonohydric alcohol. 



.o 
.o 
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CnH2n+i.C0H OR ACETIC SERIES OF ALDEHYDES. 

The following members of the series are known * : — 

B.-P. 

Formic or methylic aldehyde H.COH gaseous. 

♦Acetic or ethylic „ CH3.COH 22° 

♦Propionic or propylic „ C2H5.COH 48^.5 

♦Butyric or tetrylic „ CsHya.COH 75° 

Isobutyric or isotetrylic „ CaHy^.COH 6o°-62° 

*Valeric or pentylic „ C4H9* COH 102* 

flsovaleric or isopentylic „ C4H/.COH 93* 

tCaproic or hexylic „ CsHn^.COH 121* 

*CEnanthylic or heptylic „ CgHia^COH 152° 

Caprylic or octylic^ „ CgHjeO lyi^-iyS® 

Palmitic or hexdecylic „ CigHgaO meltsat52°. 

Formic or Methylic Aldehyde, CHgO = HCOH. — 

' Doubtless every alcohol R'.OH is convertible into a correspond- 
ing acid R'.CO(OH) — (see acids, preparation of, p. 242) — capable in 
turn of yielding a corresponding aldehyde R'.COH. The aldehydes 
derived from primary alcohols may be termed primary, those derived 
from secondary termed secondary, those derived from tertiary termed 
tertiary ; and the aldehydes derived from isoprimary, isosecondary, or 
isotertiary alcohols termed isoprimary, &c. Thus : — 

C{CnH2n+i)H2.0H ; C(CnH2n+i)2H.OH; C(CnH2n+i)3.0H. 
Primary carbinol. Secondary carbinol. Tertiary carbinoL 

C(CnH2n+i)H2.COH ; C(CnH2n+i)2H.COH ; C(CnH2n+l)3'OH. 
Primary aldehyde. Secondary aldehyde. Tertiary aldehyde. 

The aldehydes marked thus * in the above list are normal primary 
aldehydes, being derived from normal primary alcohols ; those marked 
t are isoprimary and are derived from the isoprimary alcohols of fer- 
mentation. Isobutyric aldehyde, obtained by oxidising isoprimary 
butylic alcohol, may be regarded as the first term of the series of nor- 
mal secondary aldehydes of the acetic series. It will be noticed that 
the rise in boiling-point in the series of normal primary aldehydes 
corresponding to each addition of CHj is about 26®. 

* From castor-oil (see ricinolek adi\ 
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Until recently all attempts to prepare this aldehyde by the 
ordinary methods had proved unsuccessful, but Hofmann 
has shown that if certain precautions are observed it may be 
obtained by oxidation of methylic alcohol 

A current of air charged with vapour of the alcohol is directed 
upon an incandescent spiral of platinum wire suspended in a 
tubulated glass bottle, and afterwards passed through tubes 
surrounded by a refrigerating mixture. The heat generated by 
the oxidation of the alcohol is sufficient to keep the wire in a 
state of glow if the air- current be properly regulated. The liquid 
which condenses in the tubes is a solution of formic aldehyde in 
methylic alcohol which at once reduces an ammoniacal solution 
of argentic nitrate, the aldehyde being oxidised to formic acid. 
It is not possible, however, to isolate the aldehyde from this 
solution : if the alcohol be evaporated by exposure of the 
liquid over sulphuric acid in vacuo, a yellowish-white amorphous 
substance remains, which is a polymeride of formic aldehyde. 

This polymeride probably has the composition CaHgOg 
= 3CH20, and is identical with ikit%0'Q2}\^^dioxyfnethyle?ie, 
obtained by Butlerow by treating methylene iodide (diiodo- 
methane) with argentic oxide : Jt:CH2l2 +^Ag20 ^=-xQYi<fy 
+ 2xAgI. On heating, under reduced pressure (in Hof- 
mann*s vapour- density apparatus, p. 22), it is converted into 
the gaseous normal aldehyde, CH2O, which, however, on 
cooling is slowly reconverted into the pol)rmeride, so that it 
appears to have but an ephemeral existence. On passing 
sulphuretted hydrogen into the above-mentioned alcoholic 
solution, the aldehyde is converted into the corresponding 
ihiaidehyde, CJl^^:^^ (? •^=3)> a white crystalline substance, 
melting at 216° ; the same compound is obtained by the 
action of nascent hydrogen on carbonic disulphide : xC^^ 
+ 2JCH2 = CxH2xSx + ^SH2. By the action of ammonia 
on dioxymethylene (formic aldehyde) a crystalline compound 
(Jiexmethylenatnine) of the formula C6H12N4 = 2C3H6O3 
+ 4NH3-60H2is obtained. On boiling dioxymethylene 
with a solution of baric hydrate, it is converted into 
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methylenitan and formic acid. Methylenitan is said to 
have the composition C7H14O6, but this does not appear 
to have been satisfactorily estabhshed; in many respects 
it closely resembles the natural sugars, and on this account 
a renewed investigation of the reaction is much to be 
desired. 

The liquid product of the dry distillation of calcic formate 
[(HC0.0)2Ca] contains a considerable proportion of me- 
thylic alcohol ; it appears probable that formic aldehyde is 
first formed, but is converted by the action of hydrogen, 
simultaneously evolved, into methylic alcohol, thus : 

(HC0.0)2Ca = H2 + CO + CaCOg. 
{HCO.O).,Ca = HCOH + CaCOa ; 
HCOH + H2 = CH3.OH. 

According to recent researches of Baeyer, formic aldehyde 
is a body capable of entering into reaction with a very large 
number of compounds of various classes. In the case of the 
hydrocarbons of the aromatic series, the primary reaction ap- 
pears always to be of the character indicated by the equation : 

CH2O + 2CnH2,_6 = OH2 + CH2 (C„H2n_7)2;' 

the product thus obtained, however, may, and indeed often 
does, in turn react with a further portion of the aldehyde in 
a similar manner. The phenols, resorcin, pyrogallol, and 
the oxy-acids, such as sahcyHc acid, gallic acid, &c., are also 
attacked by formic aldehyde : water is eliminated, and new 
complex compounds result.^ Reactions of this kind, which 

* See diphenylmethane. 

* To effect these changes Baeyer employs either a solution of the 
aldehyde in acetic acid prepared by heating methylene iodide (CHnlg) 
with acetic acid and argentic acetate at 100° and subsequently digesting 
the portion of the product which passes over on distillation at 130^- 
1 70"^ with an equal weight of water in closed tubes at 100°, or niethylal, 
CH2(0CH3)2 (p. 230). The acetic solution, or the met3i?jl3i.V^ ^ 
dissolved together with the substance lo "b^ «lcX^<^ >x^q\!l va. ^s^rasSS. 
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appear moreover to be specially characteristic of the alde- 
hydes as a class,* claim the attention of the vegetable physi- 
ologist There can be little doubt that formic aldehyde is 
one of the first substances generated in the plant from the 
carbonic anhydride and water which are absorbed and de- 
composed within the plant, apparently under the combined 
influence of the chlorophyl and sunlight : it may be supposed 
that carbonic anhydride is reduced to carbonic oxide, and 
water simultaneously resolved into its elements oxygen and 
hydrogen, and that the latter and carbonic oxide unite 
to produce formic aldehyde^ : 

CO2 = O + CO i OH2 = O + Ha ; CO -h Ha = CH2O. 

Acetic or Ethylic Aldehyde, C2H4O = CH3.COH, 
commonly known as aldehyde^ is the first product of the 
action of nearly every oxidising agent on ethylic alcohol ; it 

acetic acid, and concentrated sulphuric acid then cautiously added ; 
the product is usually extracted from the mixture by shaking with 
ether. Mesitylene (p. 126) treated in this manner jrields a crystal- 
line hydrocarbon, dimesUylmethane — CH2(C9Hii)2 — ^which is formed 
with such readiness that the reaction may be employed as a means o( 
detecting either formic aldehyde or mesitylene ; thus dimesitylmethane 
is even obtained with the aid of a mixture of cold solutions of chromic 
anhydride and methylic alcohol in glacial acetic acid, proving that under 
these circumstances methylic alcohol is normally oxidised to formic 
aldehyde, although the latter cannot be isolated by ordinary means. 

* All aldehydes which can be mixed with concentrated sulphuric 
acid without undergoing alteration appear to react in the manner indi- 
cated with aromatic hydrocarbons; but the various changes which take 
place rapidly on heating, or which are induced and hastened by the 
employment of dehydrating agents such as sulphuric acid, &c., doubtless 
can occur at ordinary temperatures, and without such extraneous aid, 
i.e. under conditions similar to those which obtain in plants, although 
necessarily in a slow and gradual manner. 

* Recent experiments of Sir B. Brodie and the brothers Thenard 
tend to show that formic aldehyde is produced when a mixture of car- 
bonic oxide and hydrogen gas b submitted to the action of the silent 
electric discharge. 
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is most conveniently prepared with the aid of a mixture of 
potassic dichromate solution and sulphuric acid. 

The product is in all cases more or less contaminated with 
alcofiol and acetic acid ; it is therefore allowed to remain for 
some hours in contact with about its own weight of calcic chlo- 
ride and then distilled ; the distillate is mixed with thrice the 
volume of ether and saturated with ammonia gas, the crystalline 
aldehyde-ammonia which forms is collected, washed with ether, 
pressed between folds of bibulous paper, and decomposed by 
distillation with diluted sulphuric acid on the water bath ; finally 
the distillate is digested with calcic chloride and rectified. 

Aldehyde is a colourless mobile liquid, possessing a pe* 
culiar characteristic ethereal, but suffocating odour ; it boils 
at 22°, and at 0° has the specific gravity '805°. Aldehyde 
is soluble in all proportions in water and alcohol ; it i& 
neutral to test paper, but gradually becomes acid on exposure, 
to the air. All oxidising agents rapidly convert aldehyde 
into acetic acid ; on wanning an aqueous solution to which 
argentic nitrate and a drop of ammonia has been added, a 
brilliant film of metallic silver is deposited on the inner 
surface of the vessel. On heating aldehyde with an aqueous. 
or alcoholic solution of potassic hydrate, a brown resinous 
substance, the so-called aldehyde-resin, is produced ; similar 
products are obtained from all the homologous aldehydes of 
the acetic series. Aldehyde dropped upon molten potassic 
hydrate is converted into potassic acetate. On passing 
sulphuretted hydrogen into an aqueous solution of aldehyde, 
a heavy oil is thrown down, which is a compound of aldehyde 
with thialdehyde, and is resolved by treatment with acids 
into these two bodies. Thialdehyde crystallises in white 
needles having an alliaceous odour; the determination of 
its vapour-density has shown that it has the composition 
C6H12S3, so that it does not correspond to aldehyde C2H40^ 
but to the polymeride of aldehyde, C6Hi20ij. 

Polymerides of Aldehyde. — Pure alde\vydexa3a.^\i^ Y^^'SsRsn^^ 
unchanged in closed vessels, but on tllcve ad'SxtvoTt ol \SNfft^ 

Q 
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traces of hydrochloric, sulphurous, or sulphuric acid, or of 
zincic chloride, &c., &c., it is noticed that the liquid soon 
becomes spontaneously heated, and to such a degree that it 
even enters into ebullition, the aldehyde being almost entirely 
converted m\.o paraldehyde^ CeHjaOa = 3C2H4O. Paralde- 
Jiyde is a clear colourless liquid at ordinary temperatures, 
boiling at 124°, but if cooled to below 10® it solidifies to a 
white crystalline mass ; on distillation with a small quantity 
of sulphuric acid it is reconverted into aldehyde. 

A second polymeride, metaldehyde, C2xH4,0„ is obtained 
if, on the addition of either of the above-mentioned substances, 
the aldehyde be carefully cooled by a refrigerating mixture ; 
after some time white crystalline needles of metaldehyde 
separate from the liquid. The relation of metaldehyde to 
aldehyde has not yet been ascertained ; it is reconverted 
into aldehyde on heating. 

Condensation Products of Aldehyde. — ^i. The main product 
of the action of sodium amalgam upon an aqueous solution 
of aldehyde is ethyUc alcohol, but if the solution be main- 
tained slightly acid by repeated additions of hydrochloric 
acid, a small quantity of butylene-glycol (C4H10O2) is also 
produced: 2C2H4O H- Hg = C4H10O2. 

2. If a mixture of aldehyde, water, and hydrochloric 
acid, which has stood about fourteen days, be neutralised 
with sodic carbonate, and shaken up with ether, the latter 
extracts a viscid colourless liquid of the composition 
C4H8O2. The reaction which gives rise to the formation of 
aldol, as this product is termed, probably includes the phases : 

CH3.COH + HCl = CHg.CHCKOH) 3 

CH3.CHC1(0H) + CH3.COH = 

CH8.CH(OH).CH2.COH + HCL 

Aldol is the aldehyde of an oxybutyric acid ; it is con- 
verted into butylene-glycol by the action of nascent hydrogen, 
and into oxybut)rric acid on oxidation by argentic oxide ; on 
distUladon it is split up into walei and cxoxomc ^iJA^^i^^. 
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3. If pure aldehyde is heated with a very small quantity of 
zincic chloride and a few drops of water in closed vessels, 
during one to two days, at 100°, it is in a great measure con- 
verted into crotonic aldehyde, C4H6O = 2C2H4O— OHg, 
a colourless mobile liquid boiling at 104° ; higher condensa- 
tion products, of which little is known, are also formed 
simultaneously. Small quantities of numerous other sub- 
stances (sulphuric and sulphurous acid, carbonic chloride, 
many salts, &c.) are capable of thus converting aldehyde 
into crotonic aldehyde ; moreover, the change may be 
effected, although slowly, at ordinary atmospheric tempera- 
tures, and in presence of large quantities of water. The for- 
mation of crotonic aldehyde is probably preceded by that 
of aldol. The relation of aldehyde to butylene glycol, aldol, 
and crotonic aldehyde is indicated by the following formulae : 



(CH3 

tcOH 
JCH3 
ICOH 

Aldehyde. 



r 



CH3 

CH(OH) . 
,CHj(OH) 

Butylene-glycol. * 



fCHa 


rcHs 


CH{OH) . 


CH 


CHa 


CH • 


.COH 


XOH 


AldoL Crotonic aldehyde. 



Action of Chloritie on Aldehyde. — The products of the 
action of chlorine vary greatly, according to the conditions 
of experiment. If aldehyde be introduced into a large 
flask filled with chlorine, violent reaction ensues, and acetic 
chloride is produced : CH3.COH + CI2 = CH3.COCI + 
HCl. The same result obtains on passing chlorine into a 
well-cooled solution of aldehyde in carbonic tetrachloride 
exposed to sunshine. In both cases a certain quantity of 
a compound of aldehyde and acetic chloride, C2H4O, 
C2H3OCI = CH3.CHC1{0.C2H30), is produced. 

' Butylene-glycol is probably formed in the manner indicated by the 
following equations : . 

2CH3.CH(OH)2 - CH3.CH(OH).CH,.CH(OH).^+ OR^\ 
CH8.CH(OH).CH2.CH(OH)a + H^ = 

CH3.CH(OHVCH».CKAO^^ ^ Q>^v 
Q2 
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If, however, chlorine be passed into aldehyde, which at 
first is well cooled, but afterwards heated to ioo°, until it 
ceases to be absorbed, the product consists of trichlorocro- 
tonic aldehyde^ C4H3CI3O. In this case, by the first action 
of the chlorine, hydrochloric acid is produced, whereby the 
aldehyde is converted into crotonic aldehyde, and by the 
continued action of chlorine the latter is transformed into 
trichlorocrotonic aldehyde. 

If aldehyde be mixed with water, or a moderately dilute 
aqueous solution of hydrochloric aqid, a considerable rise of 
temperature occurs, proving, it can scarcely be doubted, that 
chemical combination has taken place, thus : 

CH3.COH + OH2 = CH3.CH(OH)2. 
CH3.COH + HCl = CH3.CHC1(0H). 

If either of these solutions, placed in a retort, and cooled to 
— 10®, be acted upon by chlorine, and after the action has 
continued some time at the low temperature, the mixture be 
gradually heated in the water-bath, and the current of chlo- 
rine still passed in, a considerable quantity of an oily liquid 
distils over, which is a mixture of the hydrates of di- and 
trichloraldehyde (chloral), thus : 

CH3.CH(OH)2 + 3CI2 = CCl3.CH(OH)2 + 2HCI. 

Aldehyde-hydrate. Trichloraldehyde-hydrate. 

Trichloraldehyde {Chloral), C2HCI3O = CCI3.GOH. 
The formation of chloral from alcohol and aldehyde has 
already been fully dwelt upon. Chloral is a colourless, 
heavy liquid (sp. gr. 1.5), which boils at 94''; when kept it 
undergoes spontaneous modification, being converted into 
a white, insoluble, amorphous polymeride — so called meta- 
chloral, which is reconverted into chloral on distillation. 
On mixing chloral with water, much heat is evolved, and 
it is converted into chloral-hydrate, CCl8.CH(OH)2, a 
white crystalline substance which distils unchanged, but is 
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broken up into its generators when heated a few degrees 
above its boiling-point (95°). Chloral also combines with 
ethylic alcohol, and its homologues, and the correspond- 
ing mercaptans to form crystalline compounds, such as 
CCl3.CH{OH)(OC2H5) and CCl3,CH(OH)(SC2H5) ; all 
these when heated a few degrees above their boiling-points 
are resolved into their generators. The compounds of chloral 
with water and the alcohols are also decomposed on treat- 
ment with concentrated sulphuric acid, chloral being liber- 
ated. On oxidation chloral is converted into trichloracetic 
acid, CCl3.C0(0H). Chloral is readily decomposed by 
alkalies, trichloromethane (chloroform) and a formate being 
produced : CCI3.COH + KHO = CCI3H + HCO(OK). 
Chloral-hydrate introduced under the skin, or administered 
internally, is similarly resolved into chloroform anid^ formic 
acid ; the physiological action of chloroform thus generated 
within the system, as it were, is to produce deep sleep, but 
not insensibility to pain as when inhaled. By the action of 
nascent hydrogen chloral is reduced to aldehyde. Chlorine 
is without action on chloral, even in presence of antimonic 
chloride ; phosphorus pentachloride converts chloral into 
pentachlorethane, C2HCI5. In presence of concentrated 
sulphuric acid chloral readily acts upon benzene and the 
homologous hydrocarbons ; thus : 2C6H6 H- C2HCI3O = 
OH2 + C2HCl3(C6H5)2. 

Acetals, — The aldehydes of the acetic series are isomeric 
with the ethers derived from the glycols containing the 
same number of units of carbon ; thus acetic aldehyde 
(B.-P. 22°) is isomeric with ethylene oxide (B.-P. 13°. 5), the 
ether of glycol.^ Similarly, the mixed ethers of the form 
CnH2n(O.CmH2m+i)2 dcrivcd from thc glycols (p. 208) are 
isomeric with the acetals, which are a class of compounds 

» rCH3. iCH^)^. (CH2.OH 

ICOH' IchJ^' tCH2.0H. 

Aldehyde. Ethylene oxide. OVjcoV 
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formed by the union of the aldehydes of the acetic series 
with the alcohols of the ethylic series with simultaneous 
elimination of the elements of water ; thus : 

CnH2n+i.C0H -f 2 CmHjm+l'OH = 

OH2 + CnH2n+ l.CH(O.CnjH2ni+l)2 > 

or more probably : 

CnH2n+l'CH(OH)2 + 2Cn»H2ni+1.0H = 

Aldehyde-hydrate. Alcohol 

2OH2 + CnH2n+l.CH(O.CniH2ni+i)2« 

AcetaL 

The acetals are decomposed by concentrated sulphuric 
acid, probably in the manner indicated by the equations • 

CnH2n+l'CH(O.CniH2m+l)2 + 2H2SO4 = 

CnH2n+l'CH(OH)2 + 2Cn»H2ni+ 1-HS04 J 
CnH2n+i.CH(OH)2 ^ OH2 -h CnH2n+l-COH. 

Methylal^ CH2(OCH3)2, the first term of the series, is 
obtained by distilling a mixture of methylic alcohol, man- 
ganic peroxide, and sulphuric acid : the alcohol is doubtless 
in part oxidised to formic aldehyde, which at the moment of 
formation reacts on a further portion of the alcohol, producing 
methylal. It is a white crystalline substance. 

Acetai, CH3.CH(0C 2115)2, isomeric with the mixed ether 
C2H4(OC2H5)2 derived from glycol, is similarly prepared 
by partially oxidising ethylic alcohol. It is also one of 
the main products at first formed by the action of chlorine 
on alcohol When gaseous hydrochloric acid is passed into 
a solution of aldehyde in anhydrous alcohol, the monochlor- 
ethane (ethylic chloride) formed by the action of the hydro- 
chloric acid on the alcohol unites with the aldehyde, producing 
the compound CH3.CHC1(0C2H5), which is identical with 
the first product of the action of chlorine on ethylic ether ; 
on heating this compound with sodic ethylate, acetal is 
formed, thus : 

CH3.CHC1(0C2H5) + C2H5.0Na = 

NaCl + CHv^«.^Oe^^^\v 
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Acetal is a colourless liquid of agreeable ethereal odour, boil- 
ing at 104° ; the isomeric ether from glycol boils at 123°. 5. 

Comparatively little is known of the higher homologues of 
acetic aldehyde. 

CuHyn-i-COH OR ACRYLIC SERIES OF ALDEHYDES, 

Two aldehydes of this series are known, namely : — 

B.-P. 

Acrylic aldehyde or acrolein . C3H4O 52^5 
Crotonic aldehyde . . . C4H6O 104°. 5 

Acrylic Aldehyde (Acroleiii)yQ^S^ == CH2.CH.COH, 
is formed on oxidation of allylic alcohol by chromic acid,, 
but the greater portion is at once further oxidised ; it is best 
prepared by distilling glycerin with a dehydrating agent, 
such as phosphoric anhydride, or hydric potassic sulphate : 
CgHgOa = 2OH2 -h C3H4O. Acrolein is a constant pro- 
duct of the destructive distillation of all fats containing 
glycerides. 

Acrolein is a colourless mobile liquid ; the vapour has an 
indescribably irritating action on the eyes and nose, a few 
drops sufficing to render the atmosphere of a large room 
absolutely unbearable. Acrolein is readily oxidised by 
argentic oxide to acrylic acid, C3H4O2 ; more powerful 
oxidising agents, such as chromic acid, convert it into formic 
acid, carbonic anhydride, and water. Nascent hydrogen 
(sodium amalgam and water) reduces acrolein to allylic 
alcohol. It combines with chlorine, bromine, the haloid 
acids, &c., thus : 

C3H4O -f Bra = C3H4Br20; C3H4O + HCl = C3H5CIO. 

CnH2n_5.COH SERIES OF ALDEHYDES. 

Aldehydes of the CnHjn-s.COH and CnH2„_5.COH series 
have not hitherto been obtained, but two isomeric bodies,/«r-' 
furol and fucusol, are known, which appear to \i^ \sNs>rw3^- 
dmvatwes of an aidehyde (C5H4O) oi \ive\aX\ax ^wes^ 
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FuRFUROL, FucusoL, C5H4O2 = C4H2(OH).COH.— The 
former is obtained by carefully distilling wheat bran with 
diluted sulphuric acid ; the latter by similar treatment of 
several varietiej of fucus. When freshly prepared both 
are colourless oils, but rapidly become yellow ; furfurol 
boils at 162°, fucusol at 171°-! 72°; on oxidation by 
argentic oxide they are respectively converted into a- and 
^pyrotnucic acid, Furfurol combines with hydric sodic sul- 
phite ; by the action of sulphuretted hydrogen it is con- 
verted into thiofurol^ C5H4OS ; • fucusol similarly treated 
yields thiofucusoL By the action of ammonia furfurol and 
fucusol are converted into isomeric crystalline compounds 
[3C5H3(OH)0 + 2NH3 = 3OH2 + (C5H3.0H)3N2], 
furfuramide and fucusamide: these are perfectly neutral 
substances, but on boiling with potassic hydrate solution they 
undergo a remarkable change and are converted into the 
isomeric, powerfully basic compounds fur/urine and fu- 
cusine^ each of which furnishes well-crystallised salts, such as 

C15H12N2O3.HCI, &c 

CnH2n.7.COH OR BENZOIC SERIES OF ALDEHYDES. 

The series includes two classes of metameric aldehydes, 
corresponding to the two classes of monohydric alcohols 
derived from the aromatic hydrocarbons, and represented 
respectively by the general expressions : 

f,„ |COH . CH |C„H,„(COH) 



The following members of the series are known : — 



B..p. 

o 



Benzoic aldehyde . CgHs-COH . 180 

Paratoluic „ . C6H4{CHs).COH . 204 

Alpha-toluic „ . CfiHs.CHaCCOH) . — 

Cumic „ . C6H4(C3H7).COH . 236 

S/coceiylic „ . Ci^H^^O . — 
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Benzoic Aldehyde {Bitter-Almond Oil^ Befizaldehyde\ . 
CyHgO = C6H5.COH. — This aldehyde may be produced 
by oxidation of benzylic alcohol, C6H5.CH2(OH), by 
distillation of an intimate mixture of calcic benzoate and 
formate ; by passing a mixture of hydrogen gas and benzoic 
chloride vapour over heated finely -divided palladium : 
CgHs-COCl + H2 = CeHs.COH + HCl ; and by treating 
benzylene chloride with concentrated sulphuric acid, and 
subsequently distilling the product with water : 

CeHg.CHCla + 2H2SO4 = C6H5.CH(HS04)2 + 2HCI; 
C6H5.CH(HS04)2 + OH2 = CeHs.COH + 2H2SO4. 

Benzoic aldehyde is usually prepared by digesting bitter 
almond meal with water during five to six hours at 30^-40° 
(whereby the amygdalin becomes converted under the influence 
of the synaptase present into benzoic aldehyde, hydrocyanic 
acid, and glucose), and subsequently distilling the liquid. 
Small quantities of benzoic aldehyde are obtained, together 
with numerous other products, by the oxidation of albumin, 
fibrin, casein, and gelatin. 

Benzoic aldehyde is a colourless mobile liquid of high 
refractive power and agreeable aromatic odour ; sp. gr. i -063 
at 0° ; it is soluble in about 30 parts of cold water, and 
dissolves in all proportions in alcohol and ether. On ex- 
posure to the air, benzoic aldehyde rapidly absorbs oxygen 
and is converted into crystalline benzoic acid, C6H5.CO{OH); 
by very concentrated nitric acid it is converted into nitro- 
benzoic aldehyde, C6H4(N02).COH ; by a less concentrated 
acid it is oxidised to benzoic acid. It forms crystalline com- 
pounds with the acid sulphites of the alkali metals, such 
as C7H60,NaHS03, &c. By the action of fused potassic 
hydrate, benzoic aldehyde is converted into potassic benzoate, 
and hydrogen is evolved ; with an alcoholic solution of po- 
tassic hydrate it yields benzylic alcohol and potassic benzoate. 
By the action of sodium amalgam on a solution of benzovc 
aldehyde in aqueous alcohol, bexiz^Vic. ^XccJw^ "as^^ \:^^ 
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isomeric crystalline compounds (a- and ^hydrobmzoin}) are 
produced, thus : 

C6H5.COH + H2 =.CeH5.CH3(OH); 
2C7H6O + Hj = CuHmOj. 

The action of ammonia on benzoic aldehyde gives rise to 
the formation of hydrobmzatnide \ 3C7H6O + 2NH3 = 
3OH2 -f (C7H6)3N2, a white crystalline neutral body, which 
is converted into an isomeric basic compound, amarine^ on 
boiling with potassic hydrate solution. 

By the action of chlorine, benzoic aldehyde is conveited 
into benzoic chloride : 

C6H5.COH 4- CI2 = HCl + CfiHs.COCl. 

Benzoic aldehyde combines with hydrocyanic acid form- 
ing hydrocyanbmzaldehyde, which yields mandelic acid^ on 
digestion with an aqueous solution of hydrochloric acid : 

' o-Hydrobenzoin crystallises in large glistening anhydrous plates and 
melts at I32°*5 ; /3 (iso-) hydrobenzoin crystallises in thin glistening 
four-sided prisms, which contain water of crystallisation — in the anhy- 
drous state it melts at ii9°*5 ; it is more soluble in alcohol than 
o-hydrobenzoin. A relatively larger quantity of /3-hydrobenzoin is 
formed by the action of sodium amalgam on a heated mixture of ben- 
zoic aldehyde and water, and a relatively larger quantity of o-hydro- 
benzoin by acting upon an alcoholic solution of the aldehyde at ordinary 
temperatures, the amount obtained increasing with the concentration of 
the alcohol. o-Hydrobenzoin was originally obtained by Zinin by the 
action of zinc and hydrochloric acid on benzoic aldehyde, a- and /8- 
hydrobenzoin yield chlorinated derivatives, Ci^HigCla, on treatment 
with PCI5, which are converted into tolane, Cj^Hjo, by the action of 
an alcoholic solution of potassic hydrate. 

* Mandelic acid is also obtained by boiling amygdalin from bitter 
almonds with an aqueous solution of baric hydrate, until ammonia 
ceases to be evolved. Amygdalin is a glucoside of hydrocyanbenzal- 
dehyde, which may be represented by the formula 

CeH5.CH(CN)(O.Ci2H2iOio). 

The decomposition which amygdalin undergoes under the influence of 
synBptasQ may be explained as follows ; it i& m tVi^ ^tsx ^\aA^ \^^a\n^<1 
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CgHs-COH + HCN = CgHs.CWOHXCN) ; 
C6H5.CH(OH)(CN) + 2OH2 + HCl = 

C6H5.CH(OH)(CO.OH) -f NH4CI. 

CuMic Aldehyde, C6H4(C3H7).C0H, exists together 
with a-cymene in the essential oil of cumin, and in that of 
water-hemlock ( Cicuta virosa). It is separated from cymene 
either by fractional distillation, or by agitating the oil with 
a moderately concentrated aqueous solution of hydric sodic 
sulphite, which forms a. crystalline compound with the alde- 
hyde, which may be separated, and the aldehyde liberated 
by potassic hydrate. Cumic aldehyde closely resembles 
benzoic acid in all its reactions. 

Salicylic Aldehyde ; Anisic Aldehyde. — These two 
aldehydes, which are closely related to benzoic aldehyde, 
may be conveniently described here. The relation which they 
bear to benzoic aldehyde will be evident on comparing their 
formulae : 

CgHs-COH ; C6H4(OH).COH ; C6H4(OCH3).COH. 

Benzoic aldehyde. Salicylic (oxybenzoic) Anisic (methoxybenzoic) 

aldehyde. aldehyde. 

Salicylic Aldehyde {Salicylol) exists ready formed in the 
flowers of meadow-sweet {Spircea idmaria), and may be 
obtained, together with a terpene, by distilling them 
with water. It is produced by oxidising the correspond- 
ing alcohol, saligenin, C6H4(OH).CH2(OH), or salicin^ 
C6H4(OH).CH2(O.C6H, lOs). Salicylol is a mobile, colour- 
less fragrant oil, slightly soluble in water, boiling at 1 96^.5 j 

by assumption of the elements of water into hydrocyanbenzaldehyde 
and a sugar (saccharose ?) : 

C6H5.CH(CN)(O.Ci3H2iOio.)+OH2 = C6H5.CH(CN)(OH) 

the latter is in turn converted into glucose (CiaHjaO^^ + OHg 
= 2CoH^206), whilst the hydrocyanbenzaldehyde, which is a highly 
unstable substance, is resolved into hydroc^axdc uav^L ^sA \k«csaFsssw 
aldehyde. 
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it is converted by oxidation into salicylic acid, by nas- 
cent hydrogen into saligenin, and by ammonia into hydro- 
salicylamide (oxyhydrobenzanide), (C7H5.0H)3N2. Chlo- 
rine, bromine, and concentrated nitric acid act readily 
upon salicylol, forming chlorosalicylol^ C6H3Cl(OH).COH, 
bromosalicyloly C6H3Br(OH).COH, and mtrosalicylol, 
C6H3(N02)(OH).COH. Salicylol and aU its substitution- 
derivatives unite with the acid sulphites of the alkali metals, 
forming crystalline compounds. 

Salicylol dissolves in solutions of caustic alkalies, and even 
decomposes alkaline carbonates, producing crystalline metal- 
lic derivatives, such as sodtum-salicylol, C6H4(ONa).COH, 
&c. On treating sodium-salicylol with methylic and ethylic 
iodide, methyl- and ethyl-salicylol, C6H4(OCH3).COH, 
C6H4(OC2H5).COH, are produced. Salicylol unites 
with acetic anhydride, forming a crystalline compound, 
CuHiaOs = C6H4(OH).CH(OC2H30)2. 

Coumarin, — By an interesting series of reactions Perkin has 
recently succeeded in converting salicylol into coumarin, the 
odoriferous principle of the Tonka bean,* in which it may often 
be seen forming minute colourless crystals under the skin of the 
seed and between the cotyledons. The following is the mode of 
synthesis employed by Perkin ; — 

Sodium-salicylol is added to acetic anhydride, in which it 
dissolves with considerable evolution of heat, the mixture is 
boiled for a few minutes and then poured into water, when an 
oily liquid separates while sodic acetate passes into solution; on 
distilling this oil, after small quantities of salicylol and acetic 
anhydride have passed over, the thermometer rises rapidly to 
290®, at which temperature the remaining product, consisting of 
almost pure coumarin, distils and solidifies to a crystalline mass 
on cooling. The first change appears to consist in the forma- 
tion of acetosalicylol and sodic acetate : 

* Coumarin also exists in other plants : in MelUoius officinalis^ com- 
bined with melilotic acid ; in Asperula odorata \ and in sweet vernal- 
grass [Anthoxanthum odoratum). 
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CeH4(0Na).C0H + (C^HsO)^© « CeH^(O.C8HsO).COH 

+ C3HsO.ONa; 

the second in the resolution of acetosalicylol into coumarin 
and water : 

QHgOa = C.HeOj, + OH,. 

Perkin has shown that the final change is dependent on the 
presence of sodic acetate, no trace of coumarin being obtained 
on distilling acetosalicylol, or a mixture of acetosalicylol and 
acetic anhydride, although it is formed on heating a mixture 
of acetosalicylol, acetic anhydride, and sodic acetate to the 
boiling-point ; it is difficult, however, to understand what is the 
nature of the influence exerted by this salt. 

Coumarin crystallises in slender colourless needles, which 
melt at about 67° and boil at 290°- 291° ; it has no longer the 
properties of an aldehyde. On boiling with a concentrated 
aqueous solution of potassic hydrate, coumarin is converted into 
potassic coumarate, C9H7KO3 ; when fused with potassic hydrate 
it yields potassic salicylate and acetate. 

Anisic Aldehyde, CgHgOg = C6H4(OCH3).COH.— This 
aldehyde is formed, together with anisic acid, on oxidation 
of anisic alcohol, or of anise-oil ' ; it is an oily liquid of 
fragrant odour, boiling at 247°. Anisic aldehyde is isomeric 
with methyl- salicylol (methyl-orthoxybenzoic aldehyde), being 
the methyl-derivative of paroxybenzoic aldehyde ; it closely 
resembles benzoic and salicylic aldehydes in its behaviour 
with reagents. 

* Anise-oil is a solution of a solid substance — anise-camphor or anethol 
— in a fluid oil, which is probably a terpene. Recent experiments of 
T^adenburg show that anethol has the composition expressed by the 
formula CeH4(C3H6).0CH3, and that it may be converted by the 
action of potassic hydrate into the corresponding phenol — anol or 
allylphenoly CeH4(C3H5).0H ; anethol thus bears the same relation to 
anol that anisol, CeHj.OCHa, bears to phenoL The reaction which 
occurs on oxidation of anethol to anisic aldehyde is represented by the 
equation : 

CeH4 (OCH3}. C3H5 + 70 = CeH^lOCH^V^OW. ^ xC,0 ^^ i^'^^* 
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CnH2_9.COH SERIES OF ALDEHYDES. 

CiNNAMic Aldehyde, CgHgO = CH(C6H5).CH.COH, 
is the essential constituent of oil of cinnamon or oil of 
cassia ; it is a colourless oil, which rapidly absorbs oxygen 
on exposure to moist air, and is converted into cinnamic 
acid, C9H8O2. In contact with ammonia, cinnamic alde- 
hyde is converted into cinnhydramide — (C9H8)3N2 ; it 
forms crystalline compounds with the acid sulphites of the 
alkali metals. 

Aldehydes derived from Dihydric Alcohols, 
Only two such aldehydes are known, namely : 

Oxalic aldehyde or glyoxal, C2H2O2 = (C0H)2 
Phthalic aldehyde, C8H6O2 = C6H4(COH)o. 

Glyoxal bears the same relation to glycol and to oxalic 
acid that acetic aldehyde bears to ethylic alcohol, and to 
acetic acid, thus : 

CH3.CH2(OH); CH3.COH ; CH3.C0(0H). 

Ethylic alcohol Acetic aldehyde. Acetic acid. 

CH2(0H:).CH2(0H) ; COH.COH ; CO(OH).CO(OH). 

Glycol. Glyoxal O^calic acid. 

Glyoxal was first obtained by Debus by oxidising alcohol 
with nitric acid ; oxalic acid and various other products are 
formed simultaneously.^ It is a transparent amorphous 
deliquescent substance, very soluble in water, alcohol and 
ether; it immediately reduces an ammoniacal solution of 
argentic nitrate, and is readily oxidised even by very 
dilute nitric acid to glyoxalic cicid, COH.CO(OH), and 
oxalic acid. Glyoxal combines with gaseous ammonia, and 

* The formation of glyoxal is doubtless the result of a series of 
changes, which perhaps occur as traced by the following equations : 

CHg.CHaCOH) + NOa^H) « CH2(OH).CH2(OH) + HNO2 ; 
CH2(OH).CH2(OH) + 2N02(0H) -CH(0H)2.CH(0H)a + 2HNO2 ; 
CH(0H)3. CH(OH)a - COH. COH + 20Ha. 
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with the acid sulphites of the alkali metals j thus it unites 
with hydric sodic sulphite to form a crystalline compound — 
C2H202(HNaS03)2 + OH2 ; it also combines with hydro- 
cyanic acid. (see racemic acid). On digesting glyoxal with 
strong aqueous ammonia, two crystalline bases, glyoxaline 
and glycosine^ are produced, thus : 

2C2H2O2 + 2NH3 = C3H4N3 + CH2O2 + 2OH2. 

Glyoxal. Glyoxaline. Formic acid. 

3C2H2O2 + 4NH3 = C6H6N4 + 6OH2. 

Phthalic aldehyde has been obtained by the action of 
nascent hydrogen on phthalic chloride, C6H4 (C0C1)2 (the 
product of the action of PCI5 on phthalic acid) ; it is a 
white crystalline substance, melting at 65°. It forms a 
crystalline compound with hydric sodic sulphite. 



CHAPTER IX. 

ACIDS. 



The simplest and most probable interpretation of the re- 
actions which occur on conversion of the primary alcohols 
into the corresponding acids by oxidation is, as already 
stated, afforded by the assumption that the CH2.OH 
group has undergone conversion into the CO. OH or carb- 
oxyl group ; and a consideration of the other methods 
employed in the formation of acids, and of their behaviour 
with various reagents, has also led to the representation of 
these compounds, with few exceptions, by rational formulae 
containing the expression CO.OH. 

One of the most characteristic properties of the acids is 
that of forming metallic derivatives (metallic salts) when 
acted upon by metallic carbonates^ the change consisting in 
all cases in the removal of hydrogen, and its replacement b^ 
the equivaJeiJt amoxmt of the metal. It. \s fovssA ^x^ ^^x^*v>^ 
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study of the behaviour of the acids under various circum- 
stances that the number of units of hydrogen thus replace- 
able, in other words tlu basicity of an acidy is in direct 
relation to the number of times the expression CO. OH is 
contained in its rational formula : an cuid containing n carb- 
oxy I groups being n-basic, 

A large number of series oi acids are known, which may 
be regarded as derived from the various series of isologous 
hydrocarbons by the replacement of one or more units of 
hydrogen by the carboxyl group a corresponding number of 
times. The following are the most important series of acids 
hitherto examined : — 

Monobasic Acids. 
Acetic or CnH2n+i.C0(0H) series, derived from the CnH2n+2 

hydrocarbons 
Acrylic or CnH2n_i.C0(0H) series, derived from the CnHjn 

hydrocarbons 
Sorbic or CnH2n_3.CO(OH) series, derived from the CnH2n_2 

hydrocarbons 
Benzoic or CnH2n_7.CO(OH) series, derived from the CjJ^c^^_^ 

hydrocarbons 
Cinnamic or CnH2n_9.CO(OH) series, derived from the CnH2n_8 

hydrocarbons 
Naphtoic or CnH2n-.is.C0(0H) series, derived from the C^Han^ia 

hydrocarbons 

Dibasic Acids.t 
Succinic or CnH2n(CO.OH)2 series, derived from the CnHj^+s 

hydrocarbons 
Fumaric or CnHjn^aCCO.OH), series, derived from the C Hjn 

hydrocarbons 
Pbthalic or CnH2n_8(CO'0^)2 series, derived from the CnH^n.e 

hydrocarbons 

Tribasic Acids. 
Tricarballylic or CnH2n-'(CO.OH)3 series, derived from the 

CnHjn+a hydrocarbons 
Mesitic or CnH2n_»(C0.0H), series, derived from the CnHjn.^, 

hydrocarbons 
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Closely related to one or other of these series are a variety 
of secondary series derived from them, such as the 

LacticorCnH2n(OH).CO(OH) series, derivedfromtheaceticseries 
Malic or CnH2n_i(OH)(CO.OH)3 „ „ „ succinic „ 

Tartaric or CnH2n_2(OH)2(CO-0^2 » » succinic „ 
Salicylic or CnH2n_8(OH).CO(OH) „ ,, „ benzoic „ 

Acids of higher basicity, single terms of other series, and a 
large number of acids, mostly derived from plants, of which 
the genetic relations to the hydrocarbons have not yet been 
established, are also known. 

Preparation, — ^Acids of the primary series above men- 
tioned are produced by the following general methods : — 

1. By oxidation of the corresponding primary alcohols : 

R'CH2(0H) + 02 = R'CO(OH) + OH^. 

P„jCH2.0H y^r\ p„fCO.OH ^nw 

^ ICH2.OH +2O2 - R ICO.OH + ^^^2. 

2. By oxidation of the corresponding aldehydes : 

2R'C0H + 02 = 2R'C0(0H).« 

3. From the hydrocarbons, which are first converted into 
haloid derivatives, these into the corresponding cyanides, and 
the cyanides decomposed by heating with water and a 
mineral acid or an alkali, thus : 

OnH2n + 2 + Clj = CnH2n+iCl + HCl ; 

CnH2n+iCl + KCN = QH2„ + iCN + KCl; 
C,H2n+iCN + 2OH2 + HCl = 

CnH2n+lC0(0H) + NH4CL 

The haloid substitution-derivatives obtained from the hydro- 
carbons of the aromatic series and isologous series contain- 
ing proportionately less hydrogen, by the action of chlorine 

» Perhaps : RCOH + O + OHj « R'.CO(OH) + OH^\ \.^.^3Q& 
reaction is one of double decomposition, H "beVn:^ te^t^^ Vj Q>^i 
and does not consist in the mere addition of oxygiexu 

R 
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in the cold, are not convertible into cyanides by double 
decomposition with potassic cyanide. The corresponding 
cyanides may be obtained, however, by distilling the potassic 
salts of the sulphonic acids, obtained by the action of sul- 
phiuic add on the hydrocarbons, with potassic cyanide : 

C„H2«^7(KS03) + KCN = CH^^^yCN 4- K^SOj ; 
CnHjta^yCN + OHa + KHO = C,Hj,^7C0(0K) + NH3. 

The hydrocarbons of these series may also in many cases be 
directly converted into the corresponding acids by fusing the 
potassic salts of the sulphonic acids derived from them with 
sodic formate : 

CnH2n_7(KS03) + HCO(ONa) = 

C„H2,_7CO(ONa) + KHSO3. 

4. From the alcohols. The alcohol is submitted to the 
action of hydrobromic or hydriodic acid, the resulting bro- 
mide or iodide is converted into a cyanide by digestion with 
potassic cyanide, and the latter decomposed by heating with 
water and a mineral acid or an alkali : 

R'(OH) + HI = R'l + OH2 ; RT + KCN = R'CN + KI ; 
R'CN + 2OH2 = R'CO(OH) + NH3. 

Obviously the acid obtained by the application of methods 
3 and 4 always contains one imit of carbpn more than the 
hydrocarbon or alcohol employed. 

General Properties, — The acids of the various primary series 
exhibit an analogous behaviour imder the influence of a 
large number of reagents. 

Metallic Salts, — All the acids furnish metallic derivatives 
or salts when acted upon by the metallic carbonates, hydrates, 
or oxides* The composition of the normal salts containing 
monad metals derived from the monobasic acids is indicated 
by the general expression, R'CO(OM'), but, in addition to 
these, certain of the acids, notably those of the acetic series, 
famish so-called add salts oi tVve com^o^xxoxv. vindicated by 



Metallic and Etliereal Salts. 243 

the formula R'CO(OM'),R'CO(OH) ; the composition of 
their normal salts containing polyad metals is indicated by the 
formulae (R'C02)2M",(R'C02)3M"',&c.; the monobasic acids 
also furnish a number of basic salts with polyad metals (see 
acetic cudd). 

Two series of salts, acid and normal, are obtained from 
the dibasic acids, according as one half or the whole of the 
replaceable hydrogen is replaced ; the nature of the salts 
will be evident on inspection of the following formulae : 

-P„(C0.0H . -p„fCO.OM' . !.„ (C0.0.M".0.0C1p„ . 
^ tCO.OM'^^ ICO.OM'^^ ICO.OHHO.OCJ^ ' 

^ ICO.O)^ • 

In short, in every polybasic acid the ;/ units of replaceable 
hydrogen may be replaced unit by imit. The metallic salts 
of the organic acids are at once decomposed by most mineral 
acids and the organic acid set free. 

Ethereal Salts, — ^The ethereal salts, or compound ethers, 
as they are commonly termed, are the products of the action 
of the alcohols upon the acids ; they bear precisely the same 
relation to the metallic salts that the alcohols bear to the 
metallic hydrates, thus : 

C2H5.OH; Na.OH. CH3C0(aNa); CH3CO(OC2H5). 

Ethylic hydrate. Sodic hydrate. Sodic acetate. Ethylic acetate. 

A great variety of these compounds may be produced, inas- 
much as the acids, both mineral and organic, of all degrees 
of basicity may be converted into ethereal salts derived not 
only from monohydric, but also from polyhydric alcohols, 
just as metallic salts may be obtained containing metals of 
varying degrees of equivalency. 

Incidentally frequent mention has been made of various 
ethereal salts in the foregoing pages : for example, of the 
acid ethereal salts formed by the action of sulphuric acid on 
the alcohols ; of the nitrins formed by the action pjf nitaic. 
acid on glycerin, mannite, cellulose, &c« Sj^dAxiaxckfcs "w^^ 

R 2 
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often applied to various sets of ethereal salts : thus the gly- 
ceric salts formed from glycerin and acetic, oleic, palmitic, 
and stearic acid, are termed respectively acetins, oleins, 
palmitins, and stearins. 

Acid and normal ethereal salts of mineral and organic 
acids, corresponding to the acid and normal metallic salts, 
may be produced by the following general methods : — 

1. By the action of the alcohols on the acids : this method is 
more especially available for the preparaticm of ethereal salts of 
sulphuric and nitric acid. 

2. By the action of the acid chlorides or anhydrides on the 
alcohols ; thus acetic chloride and ethylic alcohol yield ethylic 
acetate 1: CHjCOCl + CaH^.OH-CHsCOCOC^HJ + HCl ; and 
similarly, phosphoric chloride and ethylic alcohol jrield ethylic 
phosphate : POCI3 + 3C3H5.OH = POCOCjH^), + 3HCL 

3. By the action of mono-haloid hydrocarbon derivatives on 
the argentic, p>otassic, or sodic salts of the acids : for example, 
methylic arsenate is obtained by the action of methylic iochde 
on argentic arsenate: 

AsO(OAg)8 + 3CH3l =AsO(OCH3)3 + 3AgI. 

4. By the action of the acid ethereal salts of sulphuric acid on 
the potassic or sodic salts of the acids ; thus, hydric amylic sul- 
phate and sodic acetate yield amylic acetate on distillation : 

CH,CO(ONa) + C5H11.HSO4 = CHsCOCOCjHj,) + HNaSO^. 

The majority of the ethereal salts are stable compounds and 
can be distilled unchanged; on heating with water, or a solution 
of potassic hydrate, they are more or less readily resolved into 

• The method usually adopted in the preparation of the ethereal salts 
of organic acids is a modification of this method, and consists in satu- 
rating a solution of the acid in the alcohol with gaseous hydrochloric 
acid ; apparently the acid is converted into water and the acid chloride, 
which at the moment of formation reacts upon the alcohol. It is impos- 
sible, however, in this way to convert the whole of the acid taken into the 
ethereal salt, since af^er a time the water produced is in such proportion 
that the isicid chloride is converted as rapidly as it is formed into the 
acid and llydrQchloric acid, and ceases lo act u^oiw iVv^ alcohol. 



Haloid Salts, 245 

the acid, or po.tassic salt of the acid, and the alcohol from which 
they are derived ; the ethereal salts derived from the acids of the 
acetic series and the alcohols of the ethylic series, for example, 
are acted upon in the manner represented by the equation : 

CnHj^+,C0(0C„H2^^,) + OH3 - CnHan+iCO(OH) 

Haloid Salts, — These are formed from the metallic salts 
by the replacement of the metal by chlorine, bromine, or 
iodine. The haloid salts of acetic acid have chiefly been 
studied, but the homologous acids, and acids of other series, 
appear to be capable of furnishing similar derivatives. 

Chlorine acetate^ is produced by the action of acetic anhydride 
on hypochjorous anhydride : 

(CHjCO^O + CljO = 2CHsC0(0Cl). 

It is converted into the bromine salt by the action of bromine, 
and into the iodine salt by the action of iodine ; thus : 

2CH8CO(OCl) + Br, - 2CH8CO(OBr) + Q\, 
6CH3CO(OCl) + 13 = 2(CH8C03)sI + 3CI3. 

The iodine salt is obviously comparable with the metallic salts 
containing triad metals, iodine acetate being the analogue of 
bismuthic acetate, (CH3C05)3Bi, for example. These haloid 
salts are eminently unstable compounds ; thus chlorine acetate 
is at once decomposed in the cold by metals such as zinc, mer- 
cury, copper, or sodium, with evolution of chlorine and formation 
of the corresponding metallic salt, e.g. : 

2CH3CO(OCl) + Na^ = CHgCOCONa) + CI3 ; 

it is converted by water into acetic and hypochlorous acids : 

CH3C0(0C1) + OH3 = CHjCOCOH) + HOCl ; 

on heating it is decomposed at a temperature below too® with 
explosion : 

CH3C0(0C1) = CH3CI + CO2. 

^ Chlorine acetete is a yellow liquid •, iodoxi^ ateXaXft ^. ^t>j^\s2^^^ 
solid. 
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Haloid Substitution- derivatives, — By the ax:tion of chlorine 
or bromine on the acids of the acetic, benzoic, naphtoic, 
succinic, and phthalic series, one or more imits of hydrogen 
are removed and replaced by the equivalent amount of 
chlorine or bromine : acetic acid, CH3C0(0H), for exam- 
ple, yields monochloracetic, CH2C1C0(0H), dichloracetic, 
CHCl2C0(0H), and trichloracetic, CCl3CO(OH) acid. 
These haloid derivatives yield metallic and ethereal salts, 
acid chlorides, acid amides, &c. The acids of the acrylic, 
sorbic, cinnamic, and fumaric series combine directly with 
chlorine and bromine. 

Acid Chlorides^ Bromides^ and Iodides are the products of 
the action of the haloid phosphorus compoimds on the acids 
or their metallic salts, and are formed by the replacement of 
(OH) in the CO(OH) group by chlorine, bromine, or iodine : 

3R'C0(0H) + PCI3 = 3R'C0Cr+ PO3H3. 
^''{c8:§§ + '^^^^ ^ ^ic8§ + ^^^^^-3 + 2HCI. 

The first action of the haloid phosphorus compound on the 
dibasic acids doubtless consists in the production of an 
unstable compound intermediate between the acid and the 
acid chloride above formulated, but which cannot be isolated, 
since on heating it is resolved into the acid anhydride and 
haloid acid, thus \ 



P„fCO.OH_ pi, J CO) 
^ XOCl "" ^ ICO 



O + HCl. 



The ethereal salts of these intermediate compounds are 
readily obtained, however, by the action of the haloid phos- 
phorus compounds on the acid ethereal salts of the polybasic 
acids ; for example : 

3^"|co!oCnH2„+i + P^Cl3= 3R"(co.OC^H2,+ i "^■ 
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The acid chlorides, &c. are readily decomposed by water, 
with formation of the acid employed in their preparation and 
haloid acid : 

R'COCl + OH2 = R'CO(OH) + HCl. 

Acid Amides, — These compounds may be regarded as 
formed from the acids by the replacement of (OH) in the 
carboxyl group by the monad residue (NH2), derived from 
ammonia by the withdiawal of one unit of hydrogen. Nor^ 
mal amides, and acid amides or amic acids are to be distin- 
guished. The monobasic acids yield only compounds of the 
former class, represented by the general expression 

R'C0(NH2); 
the dibasic acids yield acid and normal amides of the form 

P„(C0.NH2. T.„(C0.NH2 
^ ICO.OH > ^ tcO.NHa' 

Similarly, the tribasic acids yield normal amides of the form 

(CO.NH2 1CO.NH2 

R"MG0.NH2, and two sets of acid amides, R"MCO.OH 
CO.NH2 iCO.OH 

fC0.NH2 
andR''MC0.NH2. 
IcO.OH 

Preparation, — i. By distillation of the ammonic salts of the 
acids : 

R'CO(ONH J = R'COCNHj) + OH^. 

R,, (CO(ONH,) _ ^,, ,CO.NH, ^„ . 

^ tCO(ONHJ ~ ^ 1C0(0NHJ "*■ ^^^' 

p/rjCO.NHj p^, (CO.NHa . ^u 

^ tcO(ONHJ " ^ icO.NHa "*" ^"a* 

2. By the action of the acid chlorides on ammonia : 
RCOCl + 2NHs= R'COCNHj) + NH^CL 

^" {c8cJ ^ 4NH3 = R'^ {"S^^^ ^ ^^V.JLV 
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3, By the action of ammonia on the ethereal salts of the acids : 
R'CO(OQ,H^t,) + NH,-R'CO(NH^ + C„H„+,.OH. 

^ tCO(OC.H„„) + ""> - K {C0(0C„H^^,) 

The acid amides are converted more or less readily on heating 
with water into the ammonic salt of the parent acid : 

R'COCNHj) + OH3 - R'CO(ONHJ. 
^,wCO.NH, . OH = R^iCO.NHa . 

^wCO.NH, Q„ ^ R„|CO(ONH,) 

^ iCOCONH^) + ^"3 ^ tC0(0NHJ- 

On distillation with phosphoric anhydride they are converted 
into cyano-derivatives of hydrocarbons (so-called nitriles) : 

R'COCNHj) + P3O5 = R'CN + 2HPO8. 
^'McaNHl + 2PA = R''(CN), + 4HP0^ 

Acid Anhydrides, — These compounds bear the same relation 
to the acids that the ethers bear to the alcohols : 

R'CO(OH); g:CO}o. R'McaoS' ^" &^- 

Monobasic acid. Anhydride. Dibasic add. Anhydride. 

Preparation, — i. The anhydrides of monobasic acids are 
produced by the action of the acid chlorides on the acids or their 
metallic salts : 

R'CO(ONa) + R'COqi = (R'C0)30 + NaCL 

By acting upon the metallic salt of an acid by an acid chlo- 
ride derived from a different acid, various so-called mixed 
anhydrides are formed ; and similarly, by the action of the ^cid 
chlorides derived from the monobasic acids on the metallic salts 

' Ethereal salt of axsdc add. 
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of polybasic acids, mixed anhydrides derived from a monobasic 
and a polybasic acid are obtained ; for example : 

2RCOCI + R///CO.ONa J.,, fCO.O(R'CO) j, p. 

The anhydrides of polybasic acids are produced by the action 
of phosphorus pentachloride on the acids ; thus : 

R'MSaOH + PCV= R"|c8:0H + HCl + POCl,; 

R'McoSh - R"{c8}o + HCl. 

2. Anhydrides are also obtained by the action of acid 
chlorides on metallic oxides : 

2R'C0C1 + BaO = (R'C0)20 + BaClj. 

Properties. — In contact with water the anhydrides are con- 
verted into the corresponding acids. By the action of phos- 
phorus pentachloride they are converted into acid chlorides : 

(R'CO)jO + PCI5 = 2R'C0C1 + POCI3. 

By their action on the alcohols ethereal salts are produced. 

(R^C0)30 + QHan+rOH = R'C0(0QH2a+,) + R^CO(OH). 

Similarly, the action of ammonia gives rise to the formation of 
acid amides. 

Acid Peroxides. — These compounds bear the same rela- 
tion to the acid anhydrides that the metallic oxides bear to 
the metallic peroxides, thus : 

CH3CO.O 



.0| 



PbO; PbOa. (CH3CO)20; CH3CO 

Plumbic oxide. Plumbic peroxide. Acetic oxide. Acetic peroxide. 

They are formed by the action of the acid chlorides or anhy- 
drides on the metallic peroxides (preferably baric peroxide) : 

2R'C0C1 + BaOa = (R'C02)2 + BaCla- 
RCO)^ ,Ti,n _ R'CO.O) ,R'CO.O\^^ 
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R"{ggCl + BaO, = R"{CO.O|^B^Cl, 



The acid peroxides are exceedingly unstable bodies, and, 
like the metallic peroxides, are powerful oxidising agents. 

CnH2n+iC0(0H) OR ACETIC SERIES OF MONOBASIC ACIDS. 

The following terms of the series are known :— 



Methylic or Formic acid . 
Ethylic or Acetic acid 
Propylic or Propionic acid 
Tetrylic or Butyric acid 
Pentylic or Valeric acid 
Hexylic or Caproic acid . 
Heptylic or CEnanthylic acid 
Octylic or Caprylic acid . 
Nonylic or Pelargonic acid 
Capric acid 
Laurie acid • 
Myristic acid 
Palmitic acid 
Stearic acid 
Arachidic acid 
Behenic acid 
Cerotic acid 
Melissic acid 



HCO(OH) 

CH3C0(0H) 

C2H5CO(OH) 

CsHyCOCOH) 

C4H9CO(OH) 

C5H„CO(OH) 

C6Hi8CO(OH) 

C7H,5CO(OH) 

C8H,7CO(OH) 

CsHigCOCOH) 

CioH2iCO(OH) 

Ci3H27CO(OH) 

Ci5H3,CO(OH) 

Ci7H85CO(OH) 

C,9H39CO(OH) 

C2iH43CO(OH) 

C26H55CO(OH) 
C29H59CO(OH) 



Occurrence, — Many of these acids are met with in nature : 
some in the free state, as, for example, formic acid in ants 
(formica) and the nettle, valeric acid . in the valerian root, 
pelargonic acid in Felargomum roseum, and cerotic acid in 
bees-wax. Others are present in the form of ethereal 
salts : thus, the essential oils obtained from the seeds of 
various species of Umbelliferae* contain octylic acetate and 
hexylic butyrate ; spermaceti, which is a crystalline substance 

* From Heracleum spondylumiy the common cow-parsnep ; Pastinaca 
sativa^ the edible parsnep ; and Heracleum gigarUeum, 
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found in cavities in the head of the sperm whale, is a cetylic 
paJmitate. The natural fats are mainly composed of glyceric 
ethereal salts of the acids of the acetic series : thus mutton 
and beef fat contain glyceric stearate, and palm oil is in the 
main a glyceric palmitate. The first nine terms of the series 
have also been prepared by various synthetic processes, and 
of most of these several isomeric modifications are known. 
Our knowledge of the remaining terms, of which isomerides 
are not known to exist, is derived from the study of sub- 
stances isolated from natural products. On account of the 
oily or fatty character of the higher terms of the series, these 
acids are commonly designated the fatty series of acids. 

Preparation, — ^The four general methods already noticed 
(p. 241) are all available. A fifth method, to which great 
interest attaches, consists in acting upon the sodium organo- 
metallic compounds of the form CnH2n+ iNa with carbonic 
anhydride, when a sodium salt of an acid of the series is 
produced : 

CnHan + iNa + CO2 = QH2a+iC0(0Na). 

Various special methods are also employed in the prepara- 
tion of individual members of the series. 

Classification of Isomeric Acids, — The same system may 
be adopted as in the case of the aldehydes and alcohols, and 
the various isomeric acids classed as normal or iso-primary, 
normal or iso-secondary or tertiary, according as they are 
obtained by the fourth general method from normal or iso- 
f rimary, normal or iso-secondary or tertiary alcohols, or by 
the third general method from haloid derivatives of paraffins 
which, if converted into alcohols, would yield normal or iso- 
primaiy, normal or iso-secondary or tertiary alcohols ; thus ; 

C(C,H2,+ i)H2.OH;C(CnH2n+i)2H.OH;C(CnH2n+03OH. 

Primary alcohol Secondary alcohol Tertiary alcohol 

(C(CnH2n+i)H2 . f C(CnH2n+l)2H . fC(CnH2n + i)3 

ICO(OH); ' ICO(OH) " lCO(OH). * 

Primary acid. Secondary acid. Tertiary acid. 
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Properties. — As in all other homologous series the boiliDg- 
point, specific gravity, and solubility in water vary as l£e 
series is ascended. The lowest terms are mobile, colourless 
liquids, which readily dissolve in water, but as the complexity 
increases the successive terms become gradually less motA^ 
and less soluble in water ; and the highest terms are fat^, 
solid substances, almost insoluble in water. The specific 
gravity increases from term to term. £ach addition of C9s 
corresponds in the case of the first few terms of the normal 
primary series to a rise of about 22° in boiling-point; this 
difference diminishes gradually as the series is ascended, as 
will be evident on inspection of the accompanying table, and 
perhaps becomes constant when it is reduced to 19**. Qfixs 
knowledge of the isomeric series is insufficient at present to 
enable us to judge the relations in boiling-point, &c, ind^ch 
obtain between the various homologous terms. *'t\ 

Formic or Methylic Acid (Hydtic Formate)^ CHjOj = 
HCO(OH). — Formic acid is formed in small quantity on 
passing the silent electric discharge thrc^ugh a mixture of 
carbonic anhydride and hydrogen (Brodie) : COj + H2 = 
CH2O2 \ it is produced by oxidation of methylic alcohol, 
and also by oxidation of various organic substances, such as 
starch, sugar, gum, &c. Potassic formate is produced by 
digesting together at 100® for some hours, moist potassic 
hydrate and carbonic oxide : CO + KHO = HCO(OK)'; 
by exposing potassium in an atmosphere of moist carbonic 
anhydride; by digesting hydrocyanic acid with p>otassic 
hydrate solution, and by the action of potassic hydrate on 
trichloromethane, CHClj + 4KHO = HCO(OK) + 
3KCI + 2OH2. It is usually prepared by heating a mixture 
of about equal weights of oxalic acid and glycerin with a 
little water to a temperature not exceeding about 1 10** ; so 
soon as effervescence ceases, water is added, and the 
mixture distilled until the temperature rises to about no®, 
when more water is added, and the distillation continued. 
These operations are repeated so long as formic acid passes 



SECONDARY ACIDS. 



NORMAL TERTIARY ACIDS. 



tmethacetic) 
(C.H.) 

:tive valeric 
;ic acid 



B.-P. 



154^ 



173 



Sp. Gr. 



•959 at o^ 



B.-P. 



i C(CH3)3 

ICO(OH) 

Trimethacetic 
acid 



163^ 



Sp. Gr. 



text are derived from the following, amongst other sources : — 
lary hexylic alcohol from heracUunt oil (p. 250), &c. ; 2. by me- 
r with acetic and butyric acids, by fermentation of lactic acid 
4 from normal primary hexylic alcohol ; and, 2. by oxidation of 
the oxidation-product of normal primary octylic alcohol from 
, been prepared from normal primary octylic alcohol by method 4. 
fusel oil It is not yet placed beyond doubt that the two latter 
I is prepared by method 4 from isoprimary^ (fermentation) amylic 
ppa by the action of iso(primary)amylic iodide, and diethacetic 
f sodium on ethylic acetate (p. 256). A fourth hexylic acid — 

secondary acid — has been prepared by method 4 from methyl« 



i 
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over with the water, when a fresh quantity of oxalic acid maji 
be similarly decomposed. Oxalic acid when heated alone J' 
resolved into carbonic anhydride and formic acid, although 
at a comparatively high temperature, and much of the 
formic acid is broken up into water and carbonic oxide ; in 
presence of glycerin, however, the decomposition commences 
below 50°, and is perfect below no®, little or no carbonic 
oxide being formed. The glycerin appears to promote the 
decomposition of the oxalic acid, in virtue of the tendency 
which it has to react with the formic acid, the product of 
this reaction (monoformin) being subsequently decomposed 
on distillation with water ; thus : 

C2H2O4 = CH2O2 + CO2 ; 
C3H5(OH)3+ HCO(OH) = C3H5(OH)2(O.HCO) + OH2 ; 
C3H5(OH)2(O.HCO) + OH2=C3H5(OH)3 + HCO(OH). 

A relatively small amount of glycerin is thus able to effect 
the conversion of a large quantity of oxalic acid into formic 
acid. To prepare anhydrous formic acid from the product, 
it is neutralised with plumbic carbonate, evaporated to dry- 
ness, and the dry plumbic formate heated gently in a current 
of hydric sulphide gas ; 

(HC02)2Pb + SH2 = 2HC0(0H) + PbS. 

Formic acid is a colourless, inflammable, highly corrosive 
liquid, of sp. gr. 1.235, possessing an extremely penetrating 
odour, soluble in water in all proportions ; it boils at about 
100°. Cooled to a temperature below 0°, it crystallises in 
large brilliant plates. It is a powerful reducing agent, being 
most readily oxidised to carbonic anhydride and water ; thus 
it precipitates metallic silver from a solution of argentic 
nitrate ; it reduces mercuric to mercurous chloride, and 
mercuric oxide to metallic mercury: CH2O2 + HgO = 
CO2 + OH2 + Hg. This behaviour serves to distinguish 
formic acid from the remaining terms of the series, which 
are only oxidised with difficulty. 
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The metallic salts of formic acid (formates) are all solu- 
ble in water. 

Acetic or Ethylic Acid {Hydric Acetate)^ C2H4O8 = 
CH3CO(OH). — ^This acid is present in small quantity in the 
juices of many plants, and in various animal fluids. It is 
produced by the general methods previously described from 
ethylic alcohol, etfiylic aldehyde, ethane, methylic alcohol, 
and sodic methide, CHsNa. A mixture of equal volumes 
of acetylene and oxygen in contact with a potassic hydrate 
solution is gradually absorbed, potassic acetate being formed : 
C2H2 + O + KHO = C2H3KO2. On the large scale 
acetic acid is prepared by the destructive distillation of 
wood : — 

Dry hard wood, usually beech or oak, is strongly heated in 
large iron retorts. Much inflammable gas is given off, an' acid 
liquid and tar distil over, and charcoal remains in the retort. The 
acid liquid is distilled and the portion which first passes over, 
consisting chiefly of methylic alcohol, is collected apart ; the 
crude acid which afterwards distils is saturated with slaked lime, 
and the solution of calcic acetate thus formed is mixed with a 
solution of sodic sulphate, whereby sodic acetate and insoluble 
calcic sulphate are produced. The solution of sodic acetate is 
evaporated to crystallisation, the crystals of the crude salt are 
dried and carefully fused in order to expel and decompose a 
quantity of adherent tarry matter, redissolved in water, and re- 
crystallised. Finally, acetic acid is obtained by distilling the 
salt thus purified with sulphuric acid. 

Acetic acid is a colourless, mobile, highly corrosive, pun- 
gent-smelling liquid, of sp. gr. 1.063 ^-t 15° ; it solidifies at 
1 6°. 5 to a white crystalline mass. Acetic acid boils at 119®. 
It is soluble in water in all proportions. 

The density of the mixture increases until it becomes 1.073, 
which is the density of a mixture of 79 parts of the acid with 2 r 
parts of water; all further additions of water diminish the 
density. This mixture boils under the ordinary atmospheric 
pressure constantly at 104®, undergoing scarcely any change in 



CnHjn+iC ■ 



Ortho^cids of the Acetic Series. 255 

composition^ ; it about corresponds in composition to a hydrate 
of the formula CaH^OjHgO. All the lower terms of the acetic 
series appear to behave similarly, and to furnish corresponding 
hydrates having fixed and constant boiling-points, which may 
be distilled almost unchanged in composition. These hydrates 
are apparently members of a well-defined though unstable class 
of compounds, which may be termed ortho-acids, represented by 

f(OH) 
the general formula CnHjn+.C ■ (OH) ; they bear the same rela- 

l(OH) . 

tion to the acids of the form CnH2n+iC0(0H) that the 
hydrates of the aldehydes of the acetic series of the form 

i H 

(OH) bear to thealdehydes of the formCnHjn+jCOH. 
I (OH) 

This view is confirmed by the fact that ethereal salts derived 

from these ortho-acids are known which are relatively very 

stable substances, not undergoing the slightest decomposition 

when distilled, such as ethylic orthoformatCy obtained by the 

action of sodic ethylate on trichloromethane : 

CHCls = sNaOQHg = ZYii(dQ^^^ + 3NaCl,« 

and ethylic orthacetate similarly prepared from trichlorethane : 

CH3CCIS + sNaOQHs = CH3C(OC3H5)3. + sNaCl. 

Metallic Acetates, — The normal acetates are readily ob- 
tained by dissolving the metallic carbonates in acetic acid ; 

1 If a mixture containing more or less than about 20 per cent, of 
water be distilled, water, or acetic acid, passes over until a mixture of 
the composition indicated is formed, which then distils unchanged. The 
relative proportions in which the acid and water are contained in a 
mixture having a constant boiling-point and passing over unchanged on 
distillation varies with the pressure, however, owing to the more or less 
complete dissociation of the hydrate, C2H402,0H2 ; under the higher 
pressure the mixture has a higher boiling-point and contains relatively 
more acid than under the lower pressure. 

2 Hydric orthoformate is doubtless an intermediate product in the 
formation of potassic formate firom potassic hydrate and trichloromethane 
(p. 252) ; thus : 

CHCI3 + 3KHO « CH(OH)a + 3KCI ; CH(0H)3 = HCO(OH) -»- OH.^, 
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the acid salts (page 243) or so-called diacetates are prepared 
by evaporating the acetates of the alkali metals widi an 
excess of acetic acid ; these diacetates are resolved on 
heating strongly into an acetate and acetic acid, and may, 
in fact, conveniently be employed in the preparation of an- 
hydrous acetic acid. Basic acetates are produced by digest- 
ing metallic acetates with excess of metallic oxide; for 
example, by digesting a solution of plumbic acetate with 
plumbic oxide, the two basic salts (C2H302)2Pb.PbO and 
(C2H302)2Pb.2PbO are formed. 

Ethereal Acetates, — These derivatives are produced by the 
general methods akeady described. The following have 
been obtained from acetic acid and monohydric alcohols of 
the ethylic series : — 

B.-P. 



Methylic acetate . 


CH3CO(OCH3) . 


• 5S°.5 


Ethylic acetate . . 


CH,CO(OCjHj). . 


• 77° 


Propylic acetate . 


CH3CO(OC8H,«') . 


102° 


Isopropylic acetate 


CH3CO(OC3H^) . 


• Qo'-ga" 


Butylic acetate 


CH3CO(OC4H9 «) 


. 125° 


Isobutylic acetate. 


CHjCO(OC4H9fl) . 


• "7°S 


Amylic acetate 


CH3CO(OC5H„« ) , 


149° 


Isoamylic acetate . 


CH3CO(OC8H„P) . 


I 38°-! 40 



They are colourless, mobile, fragrant liquids ; isoamylic 
acetate possesses in a remarkable degree the odour of the 
Jargonelle pear, and on that account is largely used for fla- 
vouring confectionery. 

Action of Sodium on Ethylic Acetate {Acetic Ether), — ^This 
reaction has received investigation at the hands of various che- 
mists, and has given rise to considerable discussion. Frank- 
land and Duppa and Geuther, to whom we are indebted for our 
knowledge of the subject, have always observed the evolution of 
hydrogen, which they regard as an essential product of the re- 
action ; whereas, according to Wanklyn, no hydrogen is evolved 
by the action of sodium on pure ethylic acetate, and this state- 
ment has been confirmed by Ladenburg. Wanklyn maintains 
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that the production of hydrogen is the result of a secondary 
action ; that it is, in fact, a product of the action of the sodium 
on the alcohol which is always contained to a greater or less 
extent in ethylic acetate prepared by the ordinary methods. 

According to Geuther, when sodium is added to a large 
excess ^ of ethylic acetate, the sole product besides hydrogen and 
sodic ethylate is a body of the composition CgHgNaOj, which 
he regards as the sodic salt of an acid termed by him ethyldi- 
acetic acid. Judging from its reactions, however, there can be 
little doubt but that it is simply the sodium-derivative of an 
ethylic acetoacetate,' thus ; 

^IcO.OQH, + Na, - j^^Na + NaOQH, + H,. 

^CO.OCsHj 

Wanklyn considers that the compound CgHgNaOj and sodic 
ethylate are the sole products of the reaction ; but he attributes 
a constitution to the former which is not reconcilable with its 
behaviour towards reagents. He regards it as sodium triacetyl^ 
and represents the reaction by the equation : 

SCHsCO.OCjHg + 2Na2 « (CH3CO)3Na''' + sNaOCjHg. 
In Frankland and Duppa's experiments the sodium was 

^ If a relatively small quantity of ethylic acetate be taken, the first 
product is liable to undergo change during the prolonged heating which 
is then necessary to effect the complete solution of the sodium. 

2 By treating the compound CgHgNaOa with acetic acid Geuther 
has succeeded in replacing the sodium by hydrogen. Ethylic aceto- 
acetate thus formed is an oily liquid, boiling at about i8i° ; on heating 
with water and an alkali it is resolved into acetone^ alcohol, and a me- 
tallic carbonate, thus : 

J ^^^^(CfiaCO) ^ Ba(0H)2 = CH3. CO. CH3 + C2H5OH + BaCOg. 

By the action of sodium amalgam on an aqueous solution of ethylic 
acetoacetate the sodic salt of jS-oxybutyric acid is produced : 



CH, { CH 



(^ 



^3 



^ ^^ • H2 + NaOH = 



ICH, 
ICO.OCjH^ 

S 



"^3 



CH.OH ^ „ ^„ 
^CO.ONa 
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placed in a vessel connected with a flask — containing the ethylic 
acetate — heated in an oil-bath, and with a condenser, the appa- 
ratus being so arranged that the vapour passed over the soi&ce 
of the sodium and thence into the condenser, where it was lique- 
fied ; the condensed liquid then dropped on to the surface of the 
sodium and ran back into the heated flask. The solid prodnct 
was thus dissolved off the sodium almost as rapidly as it was 
formed, and a fresh surface continuously exposed to the action 
of the ethylic acetate. In this manner they were able to dis- 
solve an amount of sodium only slightly less than is indicated 
by the proportion CHjCO.OC^H^ : Na. The contents of the 
flask were then introduced into a digester, an amount of ethylic 
iodide added equivalent to the amount of sodium employed, and 
the digester heated diu"ing several hours to 100° ; after tooling 
a considerable quantity of water was added, and the whole sub- 
mitted to distillation in an oil-bath. At first ethylic ether, to- 
gether with some unattacked ethylic acetate, passed over ; but 
afterwards, as the temperature rose, an oily liquid came over 
with the water ; this was separated by fractional distillation into 
four distinct compounds. Two of these, termed by Frankland 
and Duppa ethylic ethacetone carbonate and ethylic diethacitone 
carbonate^ are respectively the monethyl- and diethyl-derivative 
of the ethylic acetoacetate above mentioned, thus : 

CH3 ;CH, 

CO . Jco 

CH(C,H,) ' 1C(C,H,), • 
CO.OCjH^ VCO.OC2H5 VCO.OC2H5 

Ethylic acetoacetate. Ethylic acetoethaoetate. Ethylic aoetodiethacetate. 

Ethylic acetoethacetate has been obtained by Geuther by the 
action of ethylic iodide on the compound CgHgNaOj. 

The remaining products are the ethylic salts of ethacetic 
(butyric) and diethacetic (caproic) acid ; 

(CH3 ^ |CH,(C,H,) (CH(aH,), 

tCO.OQHs ' ICO.OC2H5' (CO.OQHj • 

Ethylic acetate. Ethylic ethaceute. Ethylic diethacetate. 

Frankland and Duppa consider that each of these four pro- 
ducts is formed by the action of ethylic iodide on a correspond- 
ing sodium-derivative; in fact, that the action of sodium on 
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ethylic acetate gives rise to at least four distinct sodium com- 
pounds, namely : 



/CH 



s 



1 



CO 



CO 

CHNa ' 
VCO.OC2H5 IcO.OC^Hj 



s 



CNa, 



CHjNa jCHNas 

CO.OC2H5' IcO.OCaH^- 



Geuther maintains, however, that the compound CgHj^NaOj 
(ethylic acetosodacetate) is the only sodium-derivative produced, 
and that the various products obtained by Frankland and 
Duppa are to be regarded as formed from the ethylic derivative 
of this compound by the action of sodic ethylate in the manner 
indicated by the following equations : 

J rCH(C,H,)(CH3C0) (. jj o^ _ jC(C,H,),(CH3C0) 
^- tcO.OC,H, ^ CaH.Ux^a - 1^30 oc,H, 

+ HONa. 

J J |CH(C,H,)(CH,CO) jjoj^^ ^ fCH,(C,H,) 
• ICO.OC2H5 ICO.OC2H5 

+ CHsCO.ONa. 

jjj fCH(C,H,)(CH3C0) + c H ONa = 1^"(^«"5)» 

+ CH3C0.0Na.» 

Although probably these reactions can be realised, it by no 
means follows that Frankland and Duppa's products were 
formed in the manner thus 'indicated ; indeed it is almost im- 
possible on various grounds to accept Geuther's explanation. 
In the first place, Frankland and Duppa employed an amount 
of ethylic iodide equivalent to the amount of sodium taken up ; 

* Kolbe explains the formation of ethylic acetoacetate in the following 

manner : he considers the first action of the sodium on ethylic acetate 

I CH Na 
is to form ethylic sodacetate, •[ ^^q ^q/-. tt which is then acted upon 

by ethylic acetate, thus : 

. CH,Na . CH3 _ I CHjCHaCO) ^^^ r 

tCO.OC^Hs^ ICO.OCaHg ~ IcO.OCgHs + JNaui^^ns. 

* By heating a mixture of pure ethylic acetate, sodic ethylate, and 
ethylic acetate in closed tubes at 120°, Geuther has obtained ethylic 
ethacetate, 

s 2 
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but, judging from the ease with which sodic ethylate is con- 
verted into ethylic ether by the action of jethylic iodide, it 
appears probable that the sodic ethylate present in the pro- 
duct of the action of sodium on ethylic acetate would thus 
rapidly be acted upon ; hence the existence of any quantity of 
sodic ethylate — one of the main factors in Geuther's explana- 
tion — in the mass after the formation of ethylic acetoethacetate 
from the compound C^HgNaOj and ethylic iodide, appears 
problematical. Then Frankland and Duppa have shown that 
by employing methylic, isopropylic, or isoamylic iodide in 
place of ethylic iodide, methyl, isopropyl, and isoamyl deri- 
vatives corresponding to the above-mentioned ethyl derivatives 
are obtained ; moreover, it has recently been ascertained that 
if benzylic chloride (C^H^Cl) be employed, the ethylic salts of 
mono- and di-benzylacetic acid are produced, the formation of 
which can scarcely be explained otherwise than by the assump- 
tion that ethylic, mono-, and di-sodacetate are among the pro- 
ducts of the action of sodium on ethylic acetate. At present, 
however, the examination of the reaction in all its details has 
not been sufficiently prosecuted to enable us to trace with cer- 
tainty the various phases which it presents. But a more interest- 
ing problem is scarcely to be met with in the entire range of 
organic chemistry : thus, on the one hand, the reaction affords 
a means of ascending the series of ketones, since by the action 
of the moniodoparaffins on the compound C^HgNaOg a series of 
compounds of the form CeHg(CnH2n + i)Oj may be obtained, 
which yield a series of ketones of the form CH3CO(CnH2n + i) 
on treatment with alkalies ; and on the other, by employing 
the homologues of ethylic iodide in the manner indicated 
by Frankland and Duppa, a series of homologous acids of 
the acetic series of the form CH2(CnH2n+i)CO.OH and 
CH(Cn H2n+i)2CO.OH may be produced. 

A number of observations which have been made on the 
action of sodic ethylate on various ethereal salts are of consider- 
able interest when viewed in connection with the experiments 
on the action of sodium on ethylic acetate. Thus, on heating 
with sodic ethylate, ethylic formate, HCO.OCgHj, is resolved 

(CO OC H 

is resolved into carbonic oxide and ethylic cai*bonale,C 0(003115)3; 
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and ethylic carbonate yields ethylic ether and sodic ethylic 
carbonate, CO • ^ * A simple explanation of these de- 

compositions is afforded if it be assumed that in the first 
place the ethereal salt combines with the sodic ethylate, and 
that the compound so formed is subsequently decomposed ; in 
the case of ethylic formate, for example, we have : 



HCO.OQH^ + NaOQH, = HC- 



5 T- ^'iC*V^'>-2**& 



roc,H; 

OC2H5 = CO + HOC5H5 + 
ONa NaOCjHj. 



A small quantity of ethylate suffices thus to decompose a re- 
latively large quantity of ethereal salt, and were it not that 
secondary products are formed, it would doubtless suffice to 
decompose an infinite quantity. Sodium effects a precisely 
similar decomposition, but it appears probable that the ethereal 
salt is not affected by the sodium as such, but rather that by the 
action of the latter on traces of alcohol present, sodic ethylate 
is produced, which then decomposes the ethereal salt in the 
manner indicated. It is interesting to note that no hydrogen is 
evolved by the action of sodium on ethylic formate containing 
a considerable proportion of alcohol ; it would appear that it is 
consumed in the formation of secondary products, and that the 
reaction resembles that which occurs when nitric acid is acted 
upon by metals— in this case no hydrogen is evolved, although 
the first action undoubtedly consists in the displacement of 
hydrogen in the acid by the metal, because it at once attacks 
the nitric acid and reduces it. 

Ethylic acetate heated with sodic ethylate at 140° yields, 
according to Geuther, the sodium-derivative of ethylic aceto- 
acetate and alcohol, the formation of which is probably the 
end-result of a series of changes. The action of sodium on 
ordinary ethylic acetate takes place readily, commencing at a tem- 
perature considerably below its boiling-point ; but ethylic acetate 
free from alcohol, according to Ladenburg,is only acted upon with 
difficulty and on prolonged heating at 100°. These observations 
suggest the query : whether the presence of alcohol is not es- 
sential, either to start the action in the first instance, or — ^but 
which is less probable — to the formation of the products ob- 
tained by Frankland and Duppa and Geuther ? It should be 
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stated, moreoverj that, if the ethylic acetate employed by these 
chemists contained alcohol, as is suggested, the products of the 
action of sodium on ethylic acetate free from alcohol have never 

yet been examined. 

• 

Haloid Substitution'(krivatives of Acetic Acid, — By the 
action of chlorine on boiling acetic acid to which some 
iodine has been added, it is converted into monochloracetic 
acid, and if the action be prolonged, dichloracetic add is 
formed ; trichloracetic acid is obtained "by the action of an 
excess of chlorine on acetic acid in sunlight, but it is best 
prepared by oxidation of chloral. Similarly, by heating acetic 
acid with bromine, mono- and dibromacetic add are ob- 
tained; tribromacetic acid is obtained by oxidation of tribrom- 
aldehyde (bromal). These acids are crystalline substances, 
which boil unchanged at temperatures higher than acetie 
acid : 

CH3C0(0H) 119° CH2BrCO(OH) 2^^'' 

CH2C1C0(0H) 185^ CHBr2CO(OH) 225°-23o" 

CHCl2C0(0H) 195^ CBr3C0(0H) about 245° 
CCl3C0(0H) about 200° 

In chemical behaviour they resemble the parent substance, 
acetic acid, most closely, yielding metallic and ethereal salts, 
acid chloride, amides, &c. They are reconverted into acetic 
acid by the action of nascent hydrogen. 

Haloid derivatives of most of the acids homologous with 
acetic acid have been prepared, but with few exceptions the 
mono-derivatives alone have been examined. 

Acetic Chloride (^Acetyl Chloride)^ CH3COCI. — This com- 
pound is best prepared by distilling a mixture of phosphorus 
terchloride and carefully dried acetic acid : 

3CH3CO(OH) + PCI3 = 3CH3COCI + PH3O3. 

It is a mobile colourless liquid, possessing an extremelj 
pungent odour like that of acetic and hydrochloric acid. 
It boils at 55° ; water decomposes it immediately, forming 
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acetic and hydrochloric acid. Acetic bromide and iodide 
are analogous compounds. 

CH CO) 

Acetic Anhydride, CH^CO I ^' obtained by the action of 

acetic chloride on a metallic acetate — usually sodic or 
potassic acetate : 

CH3COCI + CHaCOCONa) = (CH3CO)20 -f NaCl, 

is a colourless mobile liquid, having a pungent odour similar 
to that of acetic acid. It boils at 138° ; when poured into 
water it forms oily drops which disappear after a while, the 
anhydride being converted into the acid. 

Homologous compoimds are similarly obtained from the 
acids homologous with acetic acid ; they exhibit an analo- 
gous behavioiu*. The mixed anhydrides formed by the 
action of the chloride of one acid on the metallic salt of 
another acid of the series — for example : 

C2H3OCI + C4H70(ONa) = C2H3O.O.OC4H7 + NaCl, 

Acetic chloride. Sodic butyrate. Acetobutyric anhydride. 

— cannot be distilled unchanged, but are resolved into two 
simple anhydrides : 



2 



CH3COI0 _ CH3COI0 . C,H;CO)o 



CH CO O) . . " 

Acetic jRj7v^/^,pTT^PQ*Q [. — This compound is prepared 

by adding baric peroxide to a solution of acetic anhydride in 
anhydrous ether : 

CHgCOjp^ ^^ ^ CHjCO.O) CH3C0.0)g 
^CHaCOl^ + ^^^2 CH3CO.OJ + CH3C0.0|^^' 

The ethereal solution is separated from the baric acetate 
by filtration, and cautiously evaporated ; the acetic peroxide 
thep remains as a colourless viscid liquid. It is a powerful 
oxidising agent and violently explosive, and on this account 
is a most dangerous substance. Like chlorine it rapidly 
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bleaches indigo; it separates iodine from hydnodic add and 
from potassic iodide; and it converts a solution of potassic 
ferrocyanide into potassic ferricyanide. The addition of baiic 
hydrate solution to the peroxide suspended in water causes 
an immediate precipitation of hydrated baric peroxide. 

Thiacetic Acid^ CH8C0(SH), is obtained by the action of 
acetic chloride on potassic sulphydrate, or by distilling acetic 
add with phosphorus pentasulphide, 5CH3CO(OH) + PjS^ 
= 5CH3CO(SH) + P2O5. It is a colomrless liquid, smeU- 
ing like acetic and sulphydric acids together ; it boils at 95°. 
Thiacetic acid decomposes metallic carbonates, forming 
metallic thiacetates, CH3C0(SM'), &c Phosphorus penta- 
chloride converts it into acetic chloride : 

CHjCOCSH) + PCI5 = CH3COCI 4- PSCI3 + HCl 

By acting upon the metallic thiacetates with iodine, acdk 
disulphide — the sulphur analogue of acetic peroxide — ^is 
obtained : 2CH3CO(SM') +13 = 2MI + (CH3C0)Sj. 
Acetic sulphide^ (CH3CO)2S, is produced* by distilling acetic 
anhydride with phosphorus pentasulphide. 

Acetamidcy CH3CO(NH2), is most conveniently pre- 
pared by distillation of ammonic acetate : CH3CO(ONH4) 
= OH2 + CH3CO(NH2); it is also readily obtained. by 
the action of ammonia on ethylic acetate, or acetic chloride. 
Acetamide is a white crystalline solid, which melts at 78" 
and boils unchanged at 221° ; it is readily soluble in water ; 
on heating with "water it is rapidly converted into ammonic 
acetate. Acetamide combines with acids : thus with hydro- 
chloric acid it forms the compound CH3CO(NH2), HCl ; it 
also yields metallic derivatives, such as CH3C0(NHAg), 
argentacetamide, and CH3C0(NHg), mercuracetamide. On 
distilling acetamide with phosphoric anhydride, methylic 
cyanide, CH3.CN {acetonitrile), is produced. The acid 
amides derived from the homologues of acetic acid are in 
every respect compounds analogous to acetamide. 
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Derivatives formed from the haloid substitution-derivatives 
of Acetic Acid (and its homologues) by douhle decomposition, — 
The haloid derivatives of acetic acid (and of its homologues) 
are capable of entering into reaction with various compouiids 
to form, by double decomposition, new products which may 
equally well be regarded as substitution-derivatives (see 
cyanacetic acid, glycollic acid, thioglycollic acid). The be- 
haviour of the mono-derivatives has received the greatest 
share of attention ; little is known of the higher haloid sub- 
stitution-derivatives, which appear to comport themselves in 
a somewhat different and peculiar manner. 

Special interest attaches to the compounds formed by the 
action of ammonia and the amines on the mono-haloid 
derivatives of acetic acid and its homologues, since many 
are identical with natural products. Hippuric acid, for 
example, a substance present in considerable quantity in the 
urine of the herbivora, is resolved on boiling with water and 
hydrochloric acid into benzoic acid and glycocine (glycocoll)j 
C9H9O3 + OH2 = C7H6O2 -h C2H5O2 ; and by heating 
monochlor- or monobromacetic acid with ammonia, the am- 
monic salt of amidoacetic acid is produced : CH2C1C0(0H) 
-f- 3NH3 = CH2(NH2)CO(ONH4) -f NH4CI, the i^ich 
amidoacetic acid is found to be in all respects identical 
with glycocine from hippuric acid.* Similarly, amidocaproic 
acidy C6Hio(NH2)CO(OH), obtained by the action of am- 
monia on bromocaproic acid, is identical with leucine, a 
substance present in various parts of the animal organism 
(the brain, liver, and pancreas) and which is also formed 
when albumenoid matters of animal origin, such as horn, 
wool, &c. are heated with dilute acids or alkalies. Again, 
by the action of methylamine, NH2(CH3), on chloracetic 
acid, methylamidoacetic acid, CH2(NHCH3)CO(OH), is ob- 
tained, which is identical with sarcosine^ a product of the 

^ Hippuric acid has been obtained by heating glycocine with benzoic 
acid. 

* Creatine has been produced by direct union of sarcosine and 
cyanamide (NHg.CN). 
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decomposition of creatine (a substance present in small 
quantity in flesh) by boiling with baric hydrate solution. 

Amidoacetic acid is not the only compound formed by the 
action of ammonia on chloracetic add, but the product is a 
mixture of the three bodies : 



CHjCO(OH) 




CHjCO(OH) 




CH2CO(0H) 


NH 


N- 


CH,CO(OH) , 


N- 


CH2CO(0H) 


H 




H 




CH2CO(0H) 


Glycolamidic add. 


Diglycolamidic add. 


Trigljrcolaxiudic add. 


(Amidoacetic acid). 











Monamido-derivatives of the acids of the acetic series 
are also produced by combining the aldehydes of the acetic 
series with ammonia, digesting the aldehyde-ammonias so 
formed with hydrocyanic acid, and subsequently heating the 
product with hydrochloric acid solution (see page 220). 
Thus acetic aldehyde is in this way converted into amide- 
propionic acid {alanifie)] and valeric aldehyde (from ferment- 
ation amylic alcohol) yields amidocaproic add or leucine. 

Propylic or Propionic Acid {Methacdic Acid)^ CjHeOjss: 
CaHjCOCOH) = CH8.CH2CO(OH).— This add is obtained 
by the general methods ; also as ethylic salt among the 
products of the action of methylic iodide on the product of 
the action of sodium on ethylic acetate ; and by heating 
lactic add with hydriodic acid : 

CH3.CH(0H)C0(0H) + 2HI = CH3.CH2CO(OH) + 

I2 + OH2. 

Propionic acid boils at 140° '5 and in all respects dosely 
resembles acetic acid. 

Tetrylic or Butyric Acid, C4H8O2 = C3H7CO(OH).— 
Two modifications of this acid are known — ftarmal and 
isohutyric acid. 

Normal Butyric {Ethacetic) Acid, CH3.CH2.CH2CO(OH), 
is obtained on oxidation of normal primary butylic alcohol ; 
from normal primary propane ; from propylic alcohol 
(method i, page 241) ; and as ethylic salt among the products 
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of the action of ethylici iodide on the product of the action 
of sodium on ethylic acetate. It is best prepared by al- 
lowing a mixture of sugar, chalk, and cheese to ferment 
(page 202). It is present in small quantity (as glyceric 
salt) in butter ; also in perspiration, in the juice expressed 
from human flesh, and in various plants — usually in the form 
of an ethereal salt. 

Normal butyric acid closely resembles acetic acid in 
appearance, but has a peculiar rancid odour; it boils at 
i62°-.i63°,and at 0° has the sp. gr. -981 ; it is readily soluble 
in water. 

Isobutyric Acid {Dimethacetic Acid), CH(CH3)2CO(OH), 
is obtained on oxidation of isoprimary (fermentation) butylic 
alcohol ; from isopropylic alcohol ; and as ethylic salt among 
the products of the action of methylic iodide on the pro- 
duct of the action of sodium on ethylic acetate. It re- 
sembles its isomeride in appearance, but boils at 154°, 
and at 0° has the sp. gr. '959 ; moreover, calcic isobutyrate 
has the composition (C4H702)2Ca,50H2, whereas calcic 
but>Tate is (C4H702)2Ca,OH2; the latter is more soluble in 
cold water than calcic isobutyrate, and is also characterised 
by being less Soluble in hot than in cold water, so that if 
a cold saturated solution be warmed to 7o°-8o° the salt 
separates out in glistening crystalline plates. Similar differ- 
ences exist between the derivatives of the two acids. Thus 
isobutylic butyrate, C3H7«CO(OC4H9^), boils at 150**, and 
at 0° has the sp. gr. '8798, whilst isobutylic isobutyrate, 
C3H7^CO(OC4H/), boils under similar conditions at 144°- 
147°, and at 0° has the sp» gr. '8757. 

Both modifications are oxidised by prolonged heating with 
chromic acid solution, and yield the same products, namely, 
acetic acid and carbonic anhydride; but the normal acid 
is much less readily acted upon than is the iso-acid. 

Pentylic or Valeric Acid, C5H10O2 = C4H9CO(OH). 
— Four isomeric modifications of this acid exist. 

Normal Primary Valeric or Valerianic Acid {Fropylacetic 
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Add), CH3.CH2.CH2.CH2CO(OH), may be obtained by 
oxidation of normal primary amylic alcohol prepared from 
normal primary pentane, and from normal primary butylic 
alcohol (method 4, page 242). It closely resembles butyric 
acid in odour, but is more oily and less soluble in water. It 
boils at 185°, and at 0° has the sp. gr. '9577. 

Isoprimary Valeric Acid, CH(CH3)2.CH2CO(OH), also 
known as Isopropylacetic Acid, is obtained on oxidation of 
the optically inactive isopriiAary amylic alcohol of fermenta- 
tion ; from isoprimary butylic alcohol (method 4, page 242) ; 
and as ethylic salt among the products of the action of iso- 
propylic iodide on the product of the action of sodium on 
ethylic acetate. It boils at 175°, and at 0° has the sp. gr. 
•9468. 

The third modification is obtained by oxidation of the 
Optically active amylic alcohol of fermentation. It is dis- 
tinguished from its isomerides by the power which it has of 
rotating a ray of polarised light, and in a direction (to the 
right) opposite to that in which the parent alcohol diverts 
the ray. It has a slightly lower boiling-point and specific 
gravity than the acid obtained from the inactive alcohol, and 
furnishes a non-crystalline baric salt, whereas the former 
yields a crystalline baric salt; on heating to 200° with 
a small quantity of sulphuric acid it is rendered optically 
inactive, but still furnishes a gummy baric salt. It is sug- 
gested that it is secondary valeric acid (mdhethacetic acid), 
CH(CH3)(C2H5).CO(OH), but at present there is no ex- 
perimental evidence to favour this suggestion, nor does the 
very slight difference (about 2°) in boiling-point between it 
and isoprimary valeric acid tend to support the view. 

Tertiary Valeric or Trimethacetic Acid, C(CH3)3CO(OH). 
— ^To obtain this acid the 5-iodotetrane prepared by 
acting on tertiary butylic alcohol (trimethylcarbinol) with 
hydriodic acid is converted into cyanotetrane by the action 
of mercuric cyanide : C(CH3)3l + Hg(CN)2 = C(CH3)3CN 
-/- HglCN, which is then healed m\]tv>N^x.« ^xAV-^^xc^^^^^kvc 
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acid.' Trimethacetic acid is a white crystalline body, slightly 
soluble in water; it melts at 34°-35° and boils at i6i°. 

It will be noticed that the relation in boiling-point and 
specific gravity between the isomeric butyric and valeric 
acids is of the same nature as that which obtains between 
the isomeric paraffins and isomeric alcohols of the ethylic 
series. 

Palmitic Acidy Cj5H3^CO(OH). — This acid is a constituent in 
the form of an ethereal salt of nearly all vegetable and animal fats ; 
thus palm oil consists in the main of glyceric palmitate, and 
spermaceti of cetylic palmitate. These ethereal salts are readily 
decomposed by caustic alkalies with formation of an alcohol 
and a metallic palmitate ; on treating the latter with a mineral 
acid, crude palmitic acid is obtained, which may be purified by 
recrystallisation from alcohol. Palmitic acid is a colourless, 
odourless, and tasteless solid, insoluble in water ] it melts at 62**, 
but cannot be distilled unchanged. 

Stearic Acid, Ci7H35CO(OH), is present as glyceric stearate 
(stearin) in most fats, but is especially abundant in beef and 
mutton suet. It is always obtained admixed with more or less 
palmitic acid j to separate it, the mixture is dissolved in hot 
alcohol and an alcoholic solution of magnesia acetate added ; 
the magnesic salt which crystallises out consists chiefly of 
magnesic stearate, which is then decomposed by hydrochloric 
acid, and the separated stearic acid again similarly treated, and 
finally repeatedly recrystallised from alcohol until it exhibits a 
constant melting-point {(xf-jd^). Like palmitic acid, it is a 
white crystalline substance, insoluble in water. 

Cerotic Acid, C26H53CO(OH), is the main constituent of 
the portion of common beeswax soluble in boiling alcohol ; as 
cerylic cerotate it is almost the sole constituent of Chinese wax. 
Cerotic acid has been obtained by oxidising solid paraffin with ' 
potassic dichromate and sulphuric acid mixture. It crystallises 
in white grains melting at 78° ; it may be distilled unchanged. 

* Frankland and Duppa state that the ethylic salt of trimethacetic 
acid is present among the products of the action of methylic iodide on 
the product of the action of sodium on ethylic 2k,c«\a.\.fe, ^xv^ ^'e?j x^^^j^^ 
it as formed from ethylic Irisodacetate, CTSaaCO-OC^^,. 
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Melissic Acid, C2oH58CO(OH), is obtained by oxidising 
melissic alcohol (page i6i) by fusing it with potassic hydrate: 

C3oH,,0 + KHO - Cj^H,,K02 + H,. 

It closely resembles cerotic acid, but melts at 88**- 89°. 

CnH2n(0H)C0{0H) OR LACTIC SERIES OF MONOBASIC ACIDS. 

The acids of this secondary series are the mono-hydroxyl 
derivatives of the acids of the acetic series, to which they 
bear the same relation that the monohydric alcohols of the 
ethylic series bear to the paraffins ; hence they are termed 
monobasic dihydric acids : 

CnHj,+ ,(OH). CtfH2n+iC0(0H); QH2,(OH)C0(0H). 

Alcohol of ethylic series. Acid of acetic series. Acid of lactic series. 

Formation, — i. By the action of argentic oxide and 
water (argentic hydrate ?) on the monochlorinated, mono- 
brominated, or moniodated acids of the acetic series : 

2dH2,BrCO(OH) + Ag20 + OHg = 

2C,H2„(OH)CO(OH) + 2AgBr. 

2. By the action of nitrous acid on the monamido-deriva* 
tives of the acids of the acetic series (p. 265) : 

C,H2n(NH2)CO(OH) + NO(OH) = C„H2n(0H)CO(0H) 

+ N2 + OHj. 

3. By oxidation of the glycols by dilute nitric acid, 
argentic oxide, or in contact with platinum black. 

4. As potassic salts by boiling the cyanides obtained by 
the action of potassic cyanide on the chlorhydrins of the 
glycols (formed either by the union of the olefines with 
hypochlorous acid (p. 96), or by the action of hydrochloric 
acid on the glycols (p. 1 74), with potassic hydrate solution : 

QH2n(0H)CN + OH2 •+- KHO = C„H2„(OH)CO(OK) 

+ NH3. 
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5. As potassic salts, by the action of potassic hydrate 
solution on the acid chlorides of the monochlorinated acids 
of the acetic series formed by the union of the olefines and 
carbonic oxychloride (p. 56) : 

CnHa^ClCOCl + 3KHO = C,H2n(0H)C0(0K) 

+ 2KCI 4- OHj. 

6. By digesting the cyanides formed by the union of {a) * 
the aldehydes of the acetic series and hydrocyanic acid 
(p. 220), and (b) the ketones of the form CO(CnH2n+i)2 
and hydrocyanic acid, with hydrochloric acid solution : 

(a) C(CnH2„+,)H(0H).CN + 2OH2 + HCl = 

C(C„H2n+i)H(0H).C0(0H) + NH4CL 

(b) C(C,H2n+i)2(OH).CN + 2OH2 + HCl = 

C(QH2n+i)2(OH).CO(OH) + NH4CI. 

7. As ethylic salts by the action of the zinc organo- 
metallic compounds^ on ethylic oxalate, and subsequent 
treatment of the product with water (Frankland and Duppa) : 

I C0.0C2Hg I CnH2 + I 

fC(CnH2n + l)2(OZnCnH2n+i) , y ]CnH2n + i 

(C(CnH2n+i)2(OH) , 7r\lC\V\\ 4. P TT 

tCO.OCaHg + ^n(Uhi;2 + Utl2n+2. 

8., As ethylic salts by the action of nascent hydrogen on 
the compounds of the form (co OC^""**^^^^^^^^^ ^^" 

^ The zinc organo-metallic compound may be prepared in situ ; i.e., 
the reaction may be effected simply by employing a mixture of ethylic 
oxalate, zinc, and a moniodoparafifin. 
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tained by acting upon the compoimd CgHgNaOj (p. 257) 
with the moniodoparaffins : 



CH3 

CO + Hj = 

CH.Cnri2n + l 
CO.OC2H5 



rCH, 

CH.OH 

CO.OC2H5 



Mode of classifying the Acids of the Lactic Series, — The 
isomeric acids may be arranged in a number of series according 
to the methods employed in their formation and their behaviour on 
oxidation and with various reagents. Thus we may distinguish— 

1. Primary Acids, {^(?^^+»)"-^^, which appear to be 

always formed by the application of method i to the mono- 
haloid derivatives produced by acting upon the primary adds 
of the acetic series with chlorine or bromine, and are also pro- 
duced on oxidation of the glycols : C(CnH2n+ i)H(OH).CH3(0H), 
and from the aldehydes of the acetic series by method 6, 

2. Secondary Acids, {^0 cm'''^'^'*^"'^'^*^^ apparendy 

are always produced by the application of method i to the 
mono-haloid derivatives obtained by acting upon the secondary 
acids of the acetic series with chlorine or bromine, and are also 
formed from the ketones by method 6, and from ethylic oxalate 
by method 7. 

3. Primary Olefine Acids, CnHjnj^^^^^, formed by 
oxidation of the primary glycols. 

4. Secondary Olefine Acids, CnHgnf^f????''''*'*^^*^^' 

(CO.OH 

formed by method 8. 

5. Tertiary Olefine Acids, CnH^n {co OH*''*'^*^^"* 

Acids of this series have not as yet been produced. 
Each of these series may include normal and iso-acids. 

Properties. — The acids of the lactic series furnish 
metallic salts of the composition CnH2n(0H)CO.OM', 
(CnH2n(OH)C02)2M", &c., when acted upon by metallic 
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carbonates, and they furnish corresponding ethereal salts 
(C„H2n(OH)CO.OCnH2n+i, &:c.), when acted upon by the 
alcohols. But it is also possible to replace a second unit of 
hydrogen by metals ; thus, by carefully fusing sodic lactate 
with sodium, a disodic lactate is produced : 

2C2H4(OH)CO(ONa) + Nag = 

C2H4(ONa)CO(ONa) + H2. 

This derivative, however, cannot be dissolved in water un- 
changed, but is resolved into sodic lactate and sodic hydrate, 
just in the same manner that sodic ethylate is converted by 
water into alcohol and sodic hydrate. Similarly, potassium 
and sodium dissolve with evolution of hydrogen in the 
ethereal salts of the acids of the lactic series, producing 
metallic derivatives of the form CnH2n(ONa)CO(OCnH2n+ 1)> 
which may be converted by the action of the moniodo- 
paraffins into the ethereal salts of what are appropriately 
termed etheric adds of the lactic series : 

CnH2n(ONa)CO.OC,H2n+i + C,H2n+iI 

= CnH2n(OC^H2n+,)CO.OCnH2,+ i + Nal ; 

from which the potassic salts of etheric acids are obtained 
on heating with potassic hydrate solution : 

CnH2n(OC,H2„+i)CO.OC,H2„+i + KHO 

= C,H2n(OC,H2n+i)CO.OK + H0.C,H2n+l. 

These etheric acids are not decomposed by alkalies, but are 
converted into acids of the lactic series on heating with 
hydriodic acid : 

CnH2n(OC„H2n+i)CO.OH + HI = QH2n(0H)C0.0H 

2. By the action of phosphorus pentachloride on the acids 
of the lactic series, or their metallic salts, the corresponding 
acid chlorides are formed, thus : 

CnH2n(0H)C0.0H + PCI5 = CnH2n(0H)C0Cl 

+ POCI3 + HCl. 

T 
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This action takes place either in the cold or on warming 
gently, but on heating more strongly with an excess of the 
chloride, the acid chloride of a monochlorinated acid of the 
acetic series is produced : 

C,H2n{0H)C0.0H + 2PCI5 = C^Ha^CLCOCl 

+ 2POCI3 + 2HCI. 

By the action of the haloid phosphorus compounds on the 
ethereal salts of the acids of the lactic series, the ethereal 
salts of mono-haloid derivatives of the acids of the acetic 
series are produced, e.g. : 

CnH2n(OH)CO.OCnH2,+, + PCI5 

= C,H2,Cl.CO.OC^H2^^ , + POCI3 + HCl; 

in many cases, however, the product is at once resolved into 
hydrochloric acid, and the ethereal salt of the corresponding 
acid of the acrylic series : 

CnH2nCLCO.OC,H2n+l = HCl + CnHg^.iCO.OCjHj. 

3. By heating the acids of the lactic series with a concen- 
trated aqueous solution of hydriodic acid, they are reduced 
to the corresponding acids of the acetic series : 

C,H.2„(0H)C0.0H + HI = C,H2JC0.0H + OH,; 
CHanlCO.OH + HI = CJl^^^^QO.OH + Ig. 

4. The acids of the lactic series are readily oxidised, and 
furnish characteristic products, but the law of oxidation is 
not yet fully worked out; the primary acids apparently 
always furnish an aldehyde, carbonic anhydride, and water : 

IcaOH''"'^^^^^^ + ^ = CnH2n+,C0H + CO2 + OH,; 

whilst the secondary acids jdeld a ketone, carbonic anhy- 
dride, and water : 

IcaOH"""^'^^"^ + <^ = CO(C.H,„+,), + CO, + OH,; 
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and the primary define acids are converted into the corre- 
sponding dibasic acids of the succinic series : 

n u (CH2.OH , i'N r* w fCO.OH , ^tt 

5. Several of the acids of the series are converted into the 
corresponding acids of the acrylic series and water on dry 
distillation : 

CnH2^(0H)C0.0H = CnHjhx.iCO.OH + OH,. 
Others yield anhydrides, two of which are formed thus : 

ICO.) 
(C„H,„.OH. fC„H,„.0| . fC„H,. 

ICO.OH ' tCO.OH ' ICO 

Acid of lactic series. First or etheric anhydride. Second anhydride or lactidfi. 



lo. 



The etheric anhydrides are monobasic acids ; the lactides are 
indifferent bodies. 

Carbonic Acid, H2CO3 = C0(0H)2. — This acid is the 
first term of the lactic series, being the monohydroxyl de- 
rivative of formic acid, HCO(OH), the first term of the 
acetic series.^ It is, however, a dibasic acid. Although 

^ If the oxidation of the alcohols and aldehydes be regarded as the 
result of double decomposition in the manner previously indicated 
(pp. 216, 241), carbonic acid, or rather orthocarbonic acid, is the final 
product of the oxidation of methylic alcohol, the monohydroxyl de- 
rivative of methane, thus : 



H 
H 

Methane. 



H 

H 

I OH 



H 
OH 
I OH 



^H 
OH 
OH 
OH 



Methylic alcohol. Formic aldehyde Orthoformic 

hydrate. acid. 



roH 

OH 
OH • 
VOH 

Orthocarbonic 
acid. 



Neither formic aldehyde-hydrate nor orthoformic acid are known as such, 
both being compounds of exceedingly low stability, but, as already stated, 
their ethereal derivatives are stable bodies ; similarly, although we have 
no knowledge of orthocarbonic acid, and only assume its existence on 
theoretical grounds, an ethylic orthocarbonate is known which « a kv^cici 

T 2 
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carbonic acid is so unstable that it at once breaks up into 
carbonic anhydride and water, it furnishes a large number 
of highly stable metallic and ethereal salts. It is unnecessary 
to describe in this place the formation of the metallic car- 
bonates. 

Ethereal Salts, — Carbonic anhydride unites with the 
potassium and sodium derivatives of the alcohols ; thus 
when it is passed into a solution of potassic hydrate in 

!OC H 

is produced.^ The compounds so formed are at once 
decomposed by water into the corresponding alcohol and 
hydric potassic (or sodic) carbonate. The normal ethereal 
salts of carbonic acid are obtained by the action of the 
mono-haloid hydrocarbon derivatives on argentic carbonate : 

CO(AgO)2 + 2QH2„+,I = CO(OC„H2„+i)2 + 2AgI j 

by the action of carbonic oxychloride on the sodium deriva- 
tives of the alcohols : 

COCI2 + 2NaOCnH2„^i = CO(OQH2„+i)2 + zNaCl; 

stable compound. It is obtained by the action of sodic ethylate on 
nitrotrichloromethane (cliloropicrin) : 

CCl3(N02) + 4C2H50Na = C{OC^Yi^)^ + sNaCl + NaNOa. 

Ethylic orthocarbonate is an oily colourless liquid, boiling at i58°-i6o°. 

* Similarly, carbonic anhydride unites with the sodium derivatives of 

the mercaptans, and carbonic oxysulphide and carbonic disulphide 

unite with the sodium derivatives of the alcohols and mercaptans, thus : 

CO2 +KSC2H5==C2H5KC02S. 
COS +K0C2H5«C2H5KC02S. 
CSa + KOC2H5 = CaHgKCOSa. 
CSg + K.SC2H5 = C2H5K.CS3. 

The stability of these compounds increases as the proportion of sulphur 
contained in them increases ; thus the two latter yield the corresponding 
hydrogen salts, CgHg.HCOS^ and C^H^.HCS^, in the form of oily 
Uquids oft treatment with dilute loydioctaXoxv^i «.^\^Vj»stEL^^x^\(aj^xJ,v 
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and by the action of sodium or potassium on the correspond- 
ing ethereal salts of oxalic acid : 

{cRoqh:::; = co(oc,h^^o. + co. « 

They are, with few exceptions, colourless liquids, difficultly 
soluble in water, which can be distilled unchanged; in 
contact with water in the cold they are only slowly decom- 
posed, but on heating are rapidly resolved into the alcohol 
and carbonic acid. 

Ethylic Carbonate, CO(OC2H5)2. — Carbonic oxychloride is 
absorbed by anhydrous alcohol with formation of hyd^'ochloric 
acid and ethylic chlorocarbonaie, COC^OCjHg), a mobile colour- 
less liquid, boiling at 94° ; it possesses a suffocating odour and 
has a most irritating action on the eyes. It is slowly decom- 
posed in contact with water. 

On heating ethylic chlorocarbonate with alcohol it is con- 
verted into ethylic carbonate and hydrochloric acid. Ethylic 
carbonate may also be prepared by the general methods above 
mentioned ; it is a mobile colourless liquid, of sweet ethereal 
odour, boiling at 125° An interesting series of bodies, derived 
from ethylic carbonate by the gradual substitution of sulphur 
for oxygen, have been obtained ; such are the following : — 

B.-P. B.-P. 



• CO|g§S» .2S» 








co{?8:S: '56° 




^^toCjHs 


161° 


co{ic:2:' '96» 




cs{?8:S: 


7.00^ 






cs{iS:S: 


240° 


Amides of Carbonic Acid,- 


-Carbonic acid yields 


both an acid 


' The probable explanation of this 


change has been given on p. 261. 



' This compound, obtained by the action of carbonic oxychloride on 
sodium-mercaptide, yields carbamide (urea) and mercaptan on decom- 
position by ammonia : 

COfSC^HsJa + 2NH3 = CO^^H^^^ -v oVl-^C^^N 
whereas the isomeric compound, obtained \>v >iXv& ^.OCvarsv 0I ^'^'^ ^ 
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amide (carbamic acid) and a normal amide {carbamide). Cn 
passing dry ammonia gas and carbonic anhydride into anhydrous 
alcohol, a white crystalline body is obtained, which is the am- 
monic salt of carbamic acid, C0(NH2)(0NHJ ; ammonic car- 
bamate is at once decomposed by acids with formation of 
carbonic acid and an ammonic salt Similarly, carbonic oxy- 
sulphide and carbonic disulphide combine with ammonia forming 
the compounds CS(NHj)(ONHJ and CS(NH2)(SNHJ, and 
corresponding ethereal salts are obtained by the action of am- 
monia on the ethereal chlorocarbonates, COCl(OCnH^+j), and 
the ethereal carbonates, CO(OCnH2n+i)2> &c. Ethylic car- 
bamate originally received the name ureihane, which has become 
generic, all compounds of the form C0(NH2)(0R') being termed 
urethanes. 

Carbamide {urea), CO(NH2)3. — This compound is one of the 
chief solid constituents of human urine, hence the name urea, and 
especial interest attaches to it as it was the first organic com- 
pound artificially produced. Urea is obtained in a variety of 
ways : by the action of ammonia on carbonic oxychloride ; by 
heating ethylic carbonate with ammonia ; by heating ammonic 
carbamate or ordinary commercial ammonic carbonate in closed 
tubes for some hours at 130°- 140° ; and by the action of heat on 
ammonic cyanate, NH4CNO. It was by this last method that 
Woehler first obtained urea. Ammonic cyanate is prepared by 
mixing solutions of potassic cyanate and ammonic sulphate ; the 
solution is then boiled a short time, which suffices to convert the 
whole of the cyanate into urea. Urea crystallises in long white 
irregular flattened prisms, very soluble in water; on prolonged 
boiling with potassic hydrate solution it is resolved into am- 
monia and potassic carbonate : 

CO(NH2)j + OHj = C03 + 2NHs. 

Urea combines with acids : thus with hydrochloric acid it forms 
the compound C0(NH3)2,HC1 ; and with nitric acid the com- 
pound CO(NH3)2,HN03. The latter salt may be employed in 

bromide on the product of the union of carbonic disulphide and potassic 
ethylate (potassic xanthate), 3rields ammonic sulphocyanate, alcohol, and 
mercaptan : 

CS { sc'h' + 2NHs -NH^CSN + HOCaHa + HSC^Hs. 
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the detection of urea : being difficultly soluble in nitric acid, it 
is at once precipitated on the addition of the concentrated acid 
to a moderately strong solution of urea, and when viewed under 
the microscope the precipitate is seen to consist of rhombic or 
hexagonal plates which are highly characteristic. Urea also 
combines with metallic oxides : thus, on the addition of merquric 
oxide to a solution of urea to which potassic hydrate has previously 
been added, a white precipitate of the composition CO(NH2)2, 
2HgO is produced. A variety of so-called compound ureas are 
known, derived from urea by the introduction of hydrocarbon 
groups in place of hydrogen (see Amines), 

Sulphocarbamide {Sulpho-urea)^ CS(NH2)<2. — This compound 
bears the same relation to ammonic sulphocyanate that car- 
bamide bears to ammonic cyanate. It is obtained by heating 
dry ammonic sulphocyanate at 170° for two to three hours. 
Sulphocarbamide crystallises in white rhombic prisms; it 
is in all respects the analogue of carbamide. 

Glycollic or Monoxyacetic Acid, CH2(0H)C0(0H). 
— ^This acid is among the products of the oxidation of alco- 
hol by nitric acid. It is also produced on heating the mono- 
haloid derivatives of acetic acid with water ; by the action of 
nitrous acid on amidoacetic acid (p. 265) ; by oxidation of 
glycol (hence the name glycollic acid) ; and by the action of 
nascent hydrogen on oxalic acid : 

CO(OH)CO(OH) + 2H2 = CH2(0H)C0(0H) + OHg. 

It forms white anhydrous crystals, which melt at 80°; it is 
readily oxidised to oxalic acid ; by the action of nascent 
hydrogen it may be reduced to acetic acid. 

Thioglycollic Acid^ CH2(SH)C0(0H), is produced by heating 
monochloracetic acid with a concentrated aqueous solution of 
potassic sulphydrate. It is a yellow amorphous substance ; on 
oxidation by dilute nitric acid it is converted into sulphoacetic 

acid,QYi^{^^^^ 

Lactic Acid. — Four isomeric modifications of this acid 
are known, namely : ethylidene-lactic acid, ethylene-lactic 
acid, para- or sarco-lactic acid, and hydracrylic acid. 
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Fermmtation{Ethyiidme)LacticAcidS:iiiCIUS^l^^ 
— The production of this acid from sugar by fermentation 
has been previously described (page 202). It may also 
be prepared by the action of argentic oxide and water on 
a-bromopropionic acid (the first product of the action of 
bromine on propionic acid) ; by oxidation of propylene gly- 
col ; and from aldehyde by combining it with hydrocyanic 
acid, and digesting the resulting cyanide^ with hydrochloric 
acid solution. It cannot be obtained in the anhydrous con- 
dition, so great is the tendency which it exhibits to part with 
the elements of water and to form anhydrides ; thus it has 
been shown that the syrup which is obtained on exposure of 
a solution of lactic acid over sulphuric acid in vacuo is 
not the anhydrous acid, but a mixture of lactic acid with its 
etheric anhydride and lactide (p. 275). On heating lactic 
acid for some hours at about 200°, it is converted into water 

and lactic anhydride or Iodide^ p3^ * [ O, a white crystalline 

body, melting at 124° '5. When heated with sulphuric add 
and water at 140°-! 50°, lactic acid is resolved into aldehyde 
and formic acid : 

{cO(OhS^^^ + ^^2 = Cn3CH(OH)2 H- HCO(OH); 

and on oxidation it yields acetic and formic acid, and car- 
bonic anhydride. It is readily reduced to propionic acid 
on heating with a concentrated solution of hydriodic acid ; 
by the action of PCI5 it is converted into chloropropionic 
chloride, C2H4CICOCI. 

Ethylenc-lactic Add, CH2(OH)CH2CO(OH), is obtained 
from the monochlorhydrin of glycol, CH2(0H)CH2C1, by 
method 4, and from ethylene and carbonic oxychloride by 
method 5. It yields malonic acid on oxidation : 

' This compound is a colourless mobile liquid, which on distillation 
begins to boil at about 160°, but is at the same time partially resolved 
into its generators. 
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CH2(OH)CH2CO(OH) + 02 = CH2(CO.OH)2 + OH2. 

ParataaicAczd{SarcotacftcActd),CJi^CIl{OH)CO{0'H.),— 
The juice of flesh contains two isomeric lactic acids, one of 
which is apparently identical with ethylene-lactic acid. The 
other, which is the chief constituent, differs both from 
ethylene- and ethylidene-lactic acids, and is distinguished by 
the property which it has of diverting a ray of polarised light 
slightly to the right. On heating with sulphuric acid, and 
on oxidation, it yields the same products as ethylidene- 
lactic acid; and on heating alone it furnishes an etheric 
anhydride and a lactide, identical with the etheric anhy- 
dride and lactide from ethylidene-lactic acid ; as it is possible 
to convert these anhydrides into the corresponding acid by 
heating them with water, paralactic acid may thus be con- 
vertefl into ethylidene-lactic acid. At present no probable 
explanation can be given of the difference which exists 
between ethylidene- and para-lactic acids, which, so far as 
their behaviour with reagents is concerned, are identical, and 
are therefore represented by the same formula ; probably 
the relation is somewhat of the same character as that 
which exists between the two fermentation amylic alcohols, 
and between the two valeric acids obtained from them on 
oxidation (compare also tartaric acid), but in these cases we 
are equally unable to decide upon the nature of the relation. 
Hydracrytic Acid is obtained by the action of argentic 
oxide and water on /3-iodopropionic acid, produced by 
the union of acrylic and hydriodic acids, or by the action 
of phosphorus iodide on glyceric acid. Like ethylidene-, 
ethylene-, and para-lactic acids, it forms a strongly acid 
syrup, but is distinguished from them ^ by the behaviour on 

* The metallic salts of the isomeric lactic acids differ in crystalline 
form, in the amount of water of crystallization which they contain, and 
in solubility, and are of great service in characterising and distinguishing 
these acids. Thus zincic paralactate has the composition CgHioZnOe, 
2OH2 ; zincic ethylidene-lactate is CeHjoZnOe, sOHg ; and zincic 
hydracrylate CeHjoZnOe, 4OH2. At 15^ the latter salt is sol\ib\fc. va. 
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heating, whereby it is resolved into water and acrylic acid : 
CgHfiOa = C3H40a + OH,. Hydracrylic add is readily 
reconverted by the action of hydriodic acid into /3-iodopro- 
pionicacid; ethylene-lacticacid similarly treated does not yield 
/3-iodopropionic acid. It is far more readily oxidised than 
either of the isomerides, yielding formic and glycollic add : 

C3H6O3 + 02 = CHaOj -h C2H40a, 
which are in great measure at once further oxidised to car- 
bonic anhydride and oxalic acid. 

On theoretic grounds great interest attaches to hydracrylic acid 
According to present views only two acids of the lactic series 
can be derived from propionic acid, CH,.CHjCO(OH), namely, 

CH,(0H).CH3C0(0H) and CH5.CH(OH)CO(OH). 
These formulae are respectively assigned to ethylene- and ethyli- 
dene-lactic acids ; hence the question arises : in what manner 
is hydracrylic acid to be represented ? Acrolein, the aldehyde 
of acrylic acid, acrylic acid, glyceric acid, and /3-iodopropionic 
acid are commonly represented by the formulas 



CHa (CH, (CHaCOH) 

CH , -^CH , JCH(OH), 

COH (CO(OH) (CO(OH) 



fCHJ 



lCO('oH)' 

which appear to be entirely in accordance with the behavioiu: of 
these bodies under various conditions : hydracrylic acid there- 
fore, derived as it is from /3-iodopropionic acid, should be repre- 
sented by the formula CH2(OH).CH2CO(OH), which, it will be 
seen, however, is identical with that assigned to ethylene-lactic 
acid, from which it differs in a most marked manner. Wislicenus, 
the discoverer of hydracrylic acid, suggests in place of the 
above, the following formulae : 



JCH3 



fCH^ 



^ 10 

ICH(OH)^ 



fCHJ 
(CH(OH)*^ 



fCH,(OH) 

CH 10- 

CH(OH)i 



Acrolein. Acrylic acid. ^-lodopropionic acid. Hydracrylic acid. 

about its own weight of water, whereas one part of ethylidene-lactate 
dissolves in about 60 parts, and one part of zincic paralactate in about 
17 parts of water. 

* i3-Iodopropionic acid is converted into propionic acid by nascent 
hydrogen. 
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Further investigation must decide, however, whether the formula 
thus assigned to hydracrylic acid can be maintained ; at present 
the experimental evidence we possess does not favour the pro- 
posed alteration of the formulae of acrolein, acrylic acid, j3-iodo- 
propionic acid, and glyceric acid.^ 

The remaining acids of the lactic series are four isomeric 
oxybutyria acids, C3H6(OH)CO(OH) ; two isomeric oxy- 
valeric acids, C4H8(OH)CO(OH) ; two Lsomeric oxycaproic 
acids, C5Hio(OH)CO(OH) ; an oxyheptylic acid (amyl- 
hydroxalic acid), C6Hi2(OH)CO(OH) ; and diamyloxalic 
acid, CnH22(OH)CO(OH). 



CnH2n_iOCO(OH) OR PYRUVIC SERIES OF MONOBASIC 

ACIDS. 

The acids of this series are monohydric monobasic acids ; 
they may be regarded as derived from the acids of the 
lactic series by the abstraction of two units of hydrogen, and 
from the acids of the glyoxylic series by the abstraction of 
the elements of water ; thus : 

fC„H2n(0H). fC,H2,_iO. 
ICO(OH) ' lCO(OH) ' 

Acid of lactic series. Acid of pyruvic series. 



CnH2n_i"(OH)2 

lCO(OH) 

Acid of glyoxylic series. 



The following are known : — 
Glyoxalic acid 
Pyruvic (pyroracemic) acid 
Epihydric acid 



C2H2O3 
C3H4O3 
C4H6O3 



' The oxidation of glycerin to glyceric acid, usually represented 
thus : 



rCH^.OH 

CH.OH 

ICH^.OH 



O, 



fCH,.OH 

CH.OH 

,CO(OH) 



OH 



a ) 



Wislicenus represents in the following manner : 



fCHj.OH 
CH.OH + 
.CH^.OH 



O, = 



CHj.OH 
C(OH)...)q 
LCH(OH) i ^ 



+ OH5. 
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Acetopropionic acid . . C5Hg03 

Convolvulinoleic acid . C13H24O3 

Jalapinoleic acid . . G16H30O3 

Ricinoleic acid . . . CigH34P3 

Glyoxalic Acid, C2H2O3 = COH.CO(OH).— See Gly- 
oxylic Acid (p. 286). 

Pyruvic Acid {Pyroracemic acid\ C2H80.CO(OH), is 
produced by the dry distillation of racemic or tartaric add, 
C4H6O6 = C3H4O3 + CO2 + OH2 ; and by dry distilla- 
tion of glyceric acid. It is a liquid, smelling like acetic 
acid, soluble in water, and boiling at about 165°, but with 
partial decomposition. By the action of nascent hydrogen 
it is converted into fermentation lactic acid ; it imites with 
bromine to form the compound C3H4Br203 {dibromolacHc 
acid 7), Two formulae have been proposed for this acid : 



fCH3 

CO and 

CO.OH 



CH )^ ' 
.CO.OH 



i.e. it may be regarded either as an acetoformic acid, or as 

fCHj 
the acid corresponding to glycide (p. 180), 



CH }^ . At 
ICH2.OH 

present we are not able to decide which of these formula 
should be adopted.^ 

Epihydric Acid, C4H6O3, is obtained by heating epicyan- 

> The ethylic acetoacetate, {^0 OcPh^^^' obtained by Geuther 
(page 257) is the ethylic salt of an acid isomeric with epihydric acid ; 
and the compounds of the form {^Q^^^^'^+i^^^^^^a) and 

^CO (>c''h'^''^^^^^^^ obtained by Frankland and Duppa (p. 258) 

are ethylic salts of homologous acids. These ethylic salts have not 
hitherto been converted into the cortfespaa^viv^^cA'&^Va^^N^x. 
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hydrin (the product of the action of potassic cyanide on 
epichlorhydrin, p. 180) with hydrochloric acid solution : 

CH J ^ + NH4CI 

CH2.C0(0H) 



CH2] 
CH ] 
CHo.CN 



^ -f 2OH2 + HCl = 



It is a white crystalline acid, melting at 225° ; when heated 
with hydriodic acid it yields normal butyric acid. 

AcETOPROPiONic Acid, CsHgOs- — ^The sodic salt of this 
acid is produced on boiling the product of the action of 
ethylic monochloracetate on ethylic acetosodacetate (p. 257), 
with sodic hydrate solution : 



(CH3 

CO 

CH(CH,C0.0C.H,)+3^"^^=-^ 
IcO.OCoHs 



/CH3 
CO 

CH2 +2C2H50H 

CH2 +Na2C03. 

VCO.ONa 



RiciNOLEic Acid, 0,3113403. — ^The glyceric salt of this 
acid is the essential constituent of castor oil. Ricinoleic 
acid is a yellow inodorous oil ; when cooled below 0°, it 
solidifies to a granular mass. On dry distillation of castor 
oil or sodic ricinoleate, a considerable quantity of an 
heptylic aldehyde {osnanthol), C7H14O, is obtained, which 
is convertible by the action of nascent hydrogen into 
normal primary heptylic alcohol. On heating sodic ricino- 
leate with an excess of sodic hydrate, secondary octylic 
alcohol and sodic sebate are obtained : 

C18H34O3 + 2NaH0 = CsHn.OH + CioHi6Na204 + H2." 



CnH2n_i(OH)2 OR GLYOXYLIC SERIES OF MONOBASIC ACIDS. 

Two acids of this series are known : glyoxylic acid, 
C2H4O4, and glyceric acid, CaH^Ov ^^^^- ^^^ Xx^^iKss:. 
monobasic SLcids, 



286 Organic Chemistry. 

Glyoxylic Acid {dioxy acetic ,acid)^ C2H4O4 = 
CH(0H)2C0(0H), is amongst the products of the oxida- 
tion of alcohol and of glycol by nitric acid ; it is also 
obtained by the action of nascent hydrogen (evolved by 
zinc and sulphuric acid) on oxalic acid : CO(OH)CO(0H) 
+ Ha = CH(0H)2C0(0H), and by boiling the silver salt 
of bromoglycoUic acid ^ with water : 

CHBr(OH)CO(OAg) + OH2 = CH(OH)2CO(OH)+AgBr. 

Glyoxylic acid is a viscid colourless syrup ; it dissolves zinc 
without evolution of hydrogen, zincic glycoUate being formed : 

CH(0H)2C0(0H) + Ha = CH2(OH)CO(OH) + OH,. 

Most of the metallic glyoxylates have the composition indi- 
cated by the formula CjHjM'O^ ; thus argentic glyoxylate is 
CgHsAgO^, and calcic glyoxylate is (CgHjOJaCa. But am- 
monic glyoxylate has the composition C3H(NHJ05, and, on this 
account, Debus, the discoverer of the acid, assigns to it the 
formula C2H,03 = COHCO(OH), and regards the salts of the 
form Q^^'O^ as salts containing water of crystallisation. 
It appears in the highest degree probable, however, that both 
acids exist ; the relation of the acid COHCO(OH), which 
is appropriately termed glyoxalic acid, to glypxylic acid, 
CH(OH)2CO(OH), being obviously of the same nature as 
the relation between aldehyde, CH3COH, and aldehyde-hydrate, 
CH3CH(0H)„ of the existence of which latter compound there 
can be little doubt, although it cannot be isolated. 

The ethylic salt of the etheric acid, CH(OC2H5)2CO(OH), 
derived from glyoxylic acid, is produced by heating dichloracetic 
acid with sodic ethylate : 

CHClgCOCOH) + sNaOCaHg = CH(OC3H5)3CO(ONa) + 

HOC2H5 + 2NaCl, 

and digesting the product with ethylic iodide : 

,CO(ONa) * "-»"»' tcO(OQHJ * ^^^' 

* BromogiycoDic acid is produced "b-y \>oV\m\^ ^x^<eoJC\^ ^^xciTcv"Mi3efca.te 
with water : CHBr^CO (OAg) + OHa»CB.^tV5J^^COV,Q^a^ ^ Ks^&t, 
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It is a colourless mobile liquid of pleasant fruity odour, which 
boils at 199° ; by the action of ammonia it is converted into the 
amide CH(OC2H5)2CO(NH2), a white crystalline compound. 

Glyceric Acid (dioxypropionic acid), C3H6O4 = 
CH2(0H).CH(0H).C0(0H), is obtained by oxidising gly- 
cerin with nitric acid. It is a thick non-crystallising syrup ; 
phosphorus iodide converts it into /3-iodopropionic iodide, 
which on treatment with water yields /3-iodopropionic acid,^ 
CH2l.CH2CO(OH). 

CnH2n-.lC0(0H) OR ACRYLIC SERIES OF MONOBASIC 

ACIDS. 

The acids of this series bear the same relation to the acids 
of the acetic series that the alcohols of the vinylic series 
bear to the alcohols of the ethylic series. The following are 
known : — 

♦Acrylic acid 2 . . . . C2H3COi;OH) 

*Crotonic acid -1 . C3H5CO(OH) 

♦Methacryhc acid .J 3 5 \ / 

*Angelic acid .; 1 . ■ . C,ll,CO{On) 

*Methylcrotonic acid J * i \ / 



*Pyroterebic acid 
*Ethylcrotonic acid . 
*Hydrosorbic acid . 



CsHc^COCOH) 



* i8-Chloro- and bromo-propionic acid are similarly prepared by the 
action of phosphorus chloride and bromide. o-Iodopropionic acid, 
CH3.CHI.CO(OH), is obtained by acting on fermentation lactic acid 
with phosphon& iodide and subsequently treating the product with 
water ; a-chloro- and bromo-propionic acid are similarly prepared by 
the action of phosphorus chloride and bromide, and also by the direct 
action of chlorine and bromine on propionic acid. By heating o-bromo- 
propionic acid with bromine it is converted into o-dibromopropionic 
acid, CH3.CBr2.CO(OH). The o-mono-haloid derivatives of propionic 
acid are fluid bodies ; the )8-derivatives are white crystalline compounds. 

* The acids marked thus * have been ai\\fvcv^^ Y^cAn^k.^.^ % ^^ "t^- 
mainder, of which, with few exceptions, o\rc \aio^\e^^<i Ss» n^tj \sssx>'«.- 

fect, are obtained from natural products. 
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Daiiialuric acid ? .... C7H12O2 
Damolic acid? .... C13H24OJ 

Moringicacid ) . . . Ci,H„0, 

Cimicic acid ) 

Physetoleic acid' 

Hypogaeic acid • . . . . C16H30O2 

Gaidic acid 

Oleic acid ) r* tj rk 

Elaidicacid \ ' ' ' ' ^^«"**^^ 

Doeglic acid .... C19H36O2 

Brassic acid \ n tj r\ 

Emcicacid [ • • • • t.„H„0, 

Formation, — i. By oxidation* of the aldehydes of the 
acrylic series : 

2CnH2n.iC0H + 02 = 2C,H2u_lCO(OH). 

2. By dehydration of certain of the acids of the lactic 
series. Frankland and Duppa have shown that the ethylic 
salts of the secondary acids of the lactic series produced by 
the action of the zinc organo-metallic compounds on 
ethylic oxalate (p. 271), yield the ethylic salts of the corre- 
sponding acids of the acrylic series on distillation with phos- 
phoric anhydride or phosphorus terchloride : 



^'11^20+1 / r Ho .1 



c-^ 



^nl^2n+ 1 p 

OH ~^ 



C„Hj„" + OH,. 

I C0(0C2Hr) 
lCO(OCsH,) V V « »/ 

The ethylic salt is saponified in the usual manner with 
potassic hydrate, and the acrylic acid set free from the 
potassic salt by the addition of a mineral acid. 

Classification. — The known acids of the acrylic series are 
either primary or secondary acids of the following form : 

rCH(C,H2,)'' . (C(C„H2^+ 0(CnH2nr 

tCO(OH) ' IC0(0H) 

Primary acid. Secotv^r^ ^.caA- 
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Properties. — The acids of the acrylic series are monobasic 
acids, inasmuch as they furnish metallic salts of the compo- 
sition QHan.iCOaM/ iS^J^ir^^yOd^^^^' &C., and corre- 
sponding ethereal salts. They combine with the haloid 
acids and halogens to form haloid substitution-derivatives 
of the acids of the acetic series. Most characteristic of 
these acids, however, is the fact that on fusion with potassic 
hydrate they furnish the potassic salts of two acids of the 
acetic series ; thus : 

C3H4O2 + 2KHO = C2H3O2K + CHO2K + H2. 

Acrylic acid. Potassic acetate. Potassic formate. 

C4HGO2 + 2KHO = 2C2H3O2K + Ha. 

Crotonic acid. Potassic acetate. 

This decomposition is eflfected in a perfecdy definite and 
regular manner, and appears always to consist in the removal 
of the CnHjn group, and its replacement by H2, the CnH2n 
group being separately oxidised to the corresponding acid of 
the acetic series. Thus the primary acids always furnish 
potassic acetate as one of the products -} 

whereas the secondary acids appear to yield the potassic 
salt of a primary acid of the acetic series homologous with 
acetic acid as constant product : 

|C(C„H2n + l)(CnH2ny' , 2KHO = 

lCO(OH) ^ 

lcO(OHr'^^' "^ C,H2,.,K0, + H2. 

Acrylic Acid, C3H4O2 = CH(CH2y'C0(0H).— This 
acid is the first term of the series. It is obtained i. by 
oxidation of acrolein with moist argentic oxide ; 2. by the 

1 The acids of the acrylic series derived ttoio. xvaLVoxai ^t^j^^kJs. \ar 
variably Ti'eid po^sic acetate as one ot the piodcosX:^ 
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action of nascent hydrogen on /3-dibromopropionic acid 
(produced by oxidising dibromopropylic alcohol^ the pro- 
duct of the union of allylic alcohol and bromine, by nitric 
acid) : 

CH2Br.CHBr.C0(0H) + Hj = 

CH(CH2y'C0(0H) + 2HBr ; 

3. by distilling /3-iodopropionic acid with plumbic oxide : 

2C3H5IO2 + PbO = 2C3H4O2 + Pbia + OH2. 

Acrylic acid is a colourless liquid, possessing a penetrat- 
ing, slightly empyreumatic odour ; it is said that it becomes 
crystalline when cooled to below 7°. It boils at about 
140°.* With the exception of the silver salt, all the metallic 
salts of acrylic acid are very soluble in water. Various 
ethereal salts of acirylic add are known, obtained not from 
the acid itselfi but by the action of nascent hydrogen on the 
ethereal salts of /3-dibromopropionic acid. By the action 
of sodium amalgam on an aqueous solution of acrylic acid, 
propionic acid is produced ; but the hydrogen evolved by 
the action of acids on zinc is not able to effect the conver- 
sion of acrylic into propionic acid. 

CR0T0NicAciD,CH(CH.CH3y'C0(0H).— This name was 
originally assigned to an acid, said to have the composition 
C4H6O2, obtained from croton oil, but recent experiments 
tend to throw doubt on the existence of such an acid 
in that drug. Crotonic acid is obtained i. on oxida- 
tion of crotonic aldehyde by moist argentic oxide ; 2. on 

* It is noteworthy that the boiling-points of allylic alcohol, acrylic 
acid, and the ethereal salts of acrylic acid are identical, or nearly so, 
with the boiling-points of the isologous bodies propylic alcohol, pro- 
pionic acid, &c. Thus, allylic and propylic alcohols boil at about 
96° ; acrylic and propionic acids at about 140° ; ethylic acrylate and 
propionate at about 101° ; and allylic acrylate and propylic propionate 
at aboat 124^. 
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dry distillation of /3-oxybutyric acid (p. 257) ; and 3. as 
potassic salt from allylic alcohol by the following series of 
reactions : 

CgHvOH -h HI = C3HJ + OH2 ; 
C3H5I + KCN = C3H5CN -f KI ; 
C3H5CN + OH2 + KHO = C3H,C0(0K) + NH3. 

It is a white crystalline substance, which melts at 72°, and 
boils at 181°; on fusion with potassic hydrate it yields 
potassic acetate and hydrogen. 

On account of the production of crotonic acid from allylic 
alcohol, which is generally admitted to be correctly represented 
by the formula CH(CH2)''.CH2(OH), it has been usual to 
assign to it the formula CH(CH2)".CH2CO(OH) ; but KekuMhas 
pointed out that a simple explanation of the formation of cro- 
tonic acid from acetaldehyde (p. 227), and of its behaviour on 
oxidation, is alone afforded by the assumption of the formula 
CH(CH.CH3)"C0(0H), and he has succeeded apparently in 
proving the correctness of his view. A compound represented 
by the formula CH(CHo)"CH2R', KekuM considers, cannot furnish 
acetic acid on oxidation, and as a matter of fact it is found that 
neither allylic alcohol nor allyhc iodide yield that acid on oxida- 
tion ; the allylic cyanide obtained from the latter by double de- 
composition with potassic cyanide, however, at once furnishes 
acetic acid on oxidation, hence the conclusion that during the 
formation of this body a change occurs of such a nature that 
instead of a compound of the form CH(CH5)"CH2(CN) being 
produced, an isomeric compound of the form CH(CH.CH3)"(CN) 
results, which gives rise to the acid CH(CH.CH3)C0(0H). 

Methacrylic Acid, C(CH3)(CH2)"C0(0H), the iso- 
meride of crotonic acid, is obtained (as ethylic salt) on distil- 
ling ethylic dimethoxalate with phosphorus terchloride : 

rQCHaWOH) , ppj ^ fC(CH3)(CH2) 
3 1 CO(OC2H5) ^ ^ 3 5 1 co(OC2H5) 
+ 3HCI 4- PH3O3. 
u 2 
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Methacrylic acid is a colourless oily liquid ; on fusion with 
potassic hydrate it yields potassic propionate, potassic for- 
mate, and hydrogen. 

Oleic Acid, Cj8H3402=CH(Cj6H32)"CO(OH), is pre- 
sent as glyceric oleate {plein\ €3115(018113302)81 in most 
natural fats and fixed non-drying oils.^ 

To obtain the pure acid, olive or almond oil is saponified with 
potassic hydrate, the resulting soap is decomposed by tartaric 
acid, the mixture of oleic and stearic acids thus obtained is con- 
verted into plumbic salts by digestion with plumbic oxide, and 
the mixed salts are shaken up with ether, which extracts the 
oleate, leaving the stearate undissolved ; the oleic acid is then 
liberated by the addition of hydrochloric acid, the ethereal 
solution is decanted from the watery liquid, the ether dis- 
tilled off, and the crade acid which remains converted into baric 
salt, which is recrystallised from alcohol, then decomposed 
by tartaric acid, and the separated acid recrystallised fi"om 
alcohol until of constant melting-point 

Oleic acid crystallises in white needles, which melt at 
14°; it is insoluble in water. In the solid state it slowly 
absorbs oxygen, but in the liquid state it is rapidly oxidised 
on exposure to the air. On fusion ^dth potassic hydrate it 
yields potassic acetate and potassic palmitate : 

* The natural fixed oils are divided into non-drying and drying oils. 
When exposed to the air the latter thicken, owing to the absorption of 
oxygen ; the former are also gradually altered, though in a different 
manner. The non-drying oils contain glyceric oleate, or glyceric salts 
of acids homologous with oleic acid. Owing to partial decomposition of 
these salts, induced apparently by associated foreign matters which act 
as ferments, the oils become rancid on keeping ; by washing with a 
weak alkaline solution they may be freed from the products of decom- 
position and restored to their original state ; but this is not the case 
with the drying oils, which contain glyceric salts of acMs of some 
other series than the oleic. Thus linseed, poppy, and hemp oil contain 
the glyceric salt of an acid termed linoleic acid, which is said to have 
the composition CiaHaeOg. 
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C,8H3402 + 2KHO = C2H3KO2 + CieHgiKOa + H,. 

When nitric peroxide is passed into liquid oleic acid, it is 
rapidly converted into a solid isomeric compound, ddidic 
acid. Elaidic acid is a crystalline body which melts at 
about 44°. It is a far more stable body than oleic acid : 
thus it may be distilled unchanged, whereas oleic acid is 
decomposed on distillation, and even in the liquid state it 
only slowly absorbs oxygen. On fusion with potassic hydrate, 
elaidic acid furnishes the same products as oleic acid. 

Brassic Acid, C22H42O2, is obtained from colza oil (the 
oil expressed from the seeds of various species of Brassicd) 
in tlie same way that oleic acid is obtained from olive oil. 

CnH2n_3CO(OH) OR SORBIC SERIES OF MONOBASIC ACIDS- 

The following are known : 

Tetroleic acid . . C3H3CO(OH) fuses at 76° 
Sorbic acid . . C,H7C0(0H) „ 134° 
StearoUcacid . . C,7H3iCO(OH) „ 48° 

Teiroleic Acid is produced by the action of an alco- 
holic solution of potassic hydrate on chlorocrotonic acid, 
C3H4C1C0(0H). 

Sorbic Acid is a crystalline acid, present in mountain-ash 
berries. Nascent hydrogen (evolved by sodium amalgam 
and water) converts it into the corresponding acid of the 
acrylic series, hydrosorbic acid, C5H9CO(OH); it unites 
with bromine to form the compound C6H8Br404. 

Stearolic Acid is obtained by heating bromoleic acid with 
an alcoholic solution of potassic hydrate. It is not affected 
by nascent hydrogen, but combines with bromine in two 
proportions to form the compounds Ci8H32Br202, and 
Ci8H32Br402. On fusion with potassic hydrate it is con- 
verted into the potassic salt of an acid of the composition 
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C1CH30O2, which, by the continued action of potassic 
hydrate, is converted into the potassic salt of myristic acid, 
C14H28O2 — one of the higher homologues of acetic acid. 



CnH2n_7CO(OH) OR BENZOIC SERIES OF MONOBASIC ACIDS. 

This series' comprises terms of the follo\nng composi- 
tion : 

C:H«02 = CgHsCOCOH) 

C«H«0., = C7H7CO(OH) 

CoH.^Oa = CgHgCOlOH) 

C10H12O2 = C9HhC0(0H) 

CuHuOa = CioH,3CO(OH). 

Each of these, however, excepting the first, includes a 
number of isomeric and metameric modifications. 

Formation, — i. By oxidation of the hydrocarbons of the 
CnH2n_6 series (p. ri6). 

2. By oxidation of the alcohols of the benzylic series. 

3. By oxidation of the aldehydes of the benzoic series. 

4. As sodic salts by the simultaneous action of sodium 
and carbonic anhydride on the monobromo-derivatives* of 
the hydrocarbons of the CnHjn-e series : 

QH2a^7Br + CO2 + Nag = CnH2n_7CO(ONa) + NaBr. 

5. As ethylic salts by the action of sodium amalgam on a 
mixture of a monobromo-derivative ^ of a hydrocarbon of 
the CnHgn^e series, and ethylic chlorocarbonate : 

C,H2n_7Br + COCl(OC2H5) + Naa 

= C„H2n«7CO(OC2H5) + NaBr + NaCl. 

6. By distilling a mixture of potassic cyanide and the 

^ It is also frequently termed the aromatic series. 
' Hitherto the bromo-derivatives produced by the action of bromine 
on the cold hydrocarbons have alune b^^n em^lo^ed. 
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potassic salt of a monosulphonic acid produced by the 
action of sulphuric acid on a hydrocarbon of the CnH2n^4 
series, and decomposing the resulting cvanide by potassic 
hydrate solution : 

CnH2n«7(S03K) + KCN = QHa^.^CN + K2SO3 ; 
C^Hj^^^CN + 2OH2 = C,H2^_7CO(OH) + NH3. 

7. By fusing a mixture of sodic formate and the potassic 
salt of a monosulphonic acid, derived from a hydrocarbon 
of the CnH2n_6 series : 

CnH2n-7(S03K) + HCO(ONa) = 

CnH2n-7CO(ONa) + HKSO3. 

8. By heating a mixture of the calcic salt of a dibasic 
acid of the phthalic or CnH2n_8(CO.OH)2 series, and an 
equivalent quantity of calcic hydrate at 3oo°-4oo° for 
several hours : 

2CnH2n_8|SS'lCa + Ca(0H)2 = 



ICO 



21 



(CaH2n_7C02)2Ca + 2CaC03. 

9. From the monochloro- or monobromo-derivatives of 
the hydrocarbons of the CnH2n_6 series, produced by the 
action of chlorine or bromine on the heated hydrocarbons : 

C,H2„_7C1 + KCN = CnH2n_7CN + KCl; 

CnH2n_7CN + 2OH2 = CnH2n_7CO(OH) + NH3. 

10. From the alcohols of the benzylic series, thus : 

CnH2n«7(OH) + HCl = CnH2„_7Cl + OH2 ; 

CnH2„_7Cl + KCN = C,H2n_7CN + KCl; 

CnH2n_7CN + 2OH2 = C.Hsn _7C0(0H) + NH3. 

By the aid of these various reactions the following acids 
of the benzoic series have been produced : — 
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C,H,0, 


Benzoic acid 


CeH,CO(OH) 


M..P. 



121** 


CsHeO, 


Paratoluic acid * 
Metatoluic acid ' 
Orthotoluic acid ' 
Alphatoluic acid * 


CeH,(CH,)CO(OH) 
C,H,CH,CO(OH) 


176° 
IO9-IIO 
102 
76 


CgHj^Oj 


Mesitylenic acid * 
Paraxylic acid® 
Xylic acid ' 
Ethylbenzoic acid* 
Hydrocinnamic » 
acid » > 

Alphaxylic acid ^^ 


C,H,(CH,),c6(OH) 

n 

C,H,(Qh")CO(OH) 
C,H,CH,CHjCO(OH) 

^ TT CH. 


166*' 
163 
120 
IIO-III 

47 
42 


Cio^ia^a 


Cumylic acid " 
Cumic acid ^' 


CeH,(CH3) CO(OH) 
CeH,(C3HjC0(0H) 


149-150 
92 


^11^14^2 


Homocumic acid*' 


^6^4" ck/cocoH) 


52^ 



1 Obtained by oxidation of paraxylene; 3nields terephthalic acid on oxi- 
dation. * Prepared by method 8 from uvitic acid, C6H3(CH3(CO.OH)2, 
and by the action of nascent hydrogen on the bromotoluic acid formed 
by oxidising monobromometaxylene ; yields isophthalic acid on oxida- 
tion. • The mixture of toluenepara- and tolueneortho- sulphonic acid, 
obtained on treating toluene with concentrated sulphuric acid, yields 
by method 6 a mixture of para- and ortho-toluic acid, which may be 
separated by fractional crystallisation of the calcic salts ; orthotoluic acid 
is entirely decomposed on oxidation. ■• Prepared from toluene by method 
9, and from benzylic alcohol by method 10 ; yields benzoic acid on 
oxidation. * Obtained by oxidation of mesitylene, CgHg (€113)3 ; 
yields mesidic (uvitic) acid, C6H3(CH3)(CO.OH)2, and mesitic acid, 
CeH3(CO.OH)3, on oxidation. ® Obtained t(^ether with xylic acid' 
on oxidation of pseudocumene, CQHa(CH3)3; both paraxylic and 
xylic acid yield xyUdic acid, CeHa(c\S.^^V5:^.OYL\^ otl ^:Kv^>ass^ 
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Properties. — When acted upon by various reagents, the 
acids of the benzoic series, as a rule, furnish substitution- 
derivatives, and )deld additive compounds only in a certain 
very limited number of cases ; they thus resemble the acids 
of the acetic series, and differ from the acids of intermediate 
series in somewhat the same way that the hydrocarbons of 
the benzene series resemble the paraffins and differ from the 
hydrocarbons of intermediate series. By the action of the 
halogens, nitric acid, &c., on the acids of the benzoic series, 
a multitude of well-characterised crystalline substitution-deri- 
vatives are obtained, among which occur numerous instances 
of isomerism. 

Be/iaviour on Oxidation, — The acids tabulated above be- 
long to two metameric series, the relation between which 
is of the same nature as that which obtains between the 
phenols and the alcohols of the benzylic series, as will be 
evident on inspection of the following general formulae : 

Phenol. Alcohol of Benzylic scries. 

The acids of the series CeHs^mj^^^Qj^^^"* are ulti- 
mately converted, on oxidation, either into acids of higher 
basicity of the form C6H5_ni(CO.OH)„+ 1, i.e. into acids con- 
taining the same number of units of carbon; or are entirely de- 

8 Prepared by oxidising diethylbenzene with nitric acid ; yields tere- 
phthalic acid on oxidation. • Produced by the union of cinnamic acid 
and hydrogen ; yields benzoic acid on oxidation. *" Prepared by method 9 
from the monochk)roxylene formed by the action of chlorine on boiling 
xylene; yields benzoic acid on oxidation. " Produced by oxidatlotv oC 
tetramethylbenzene (durene). »- Prepared \>7 oxid^xSoivcA coxcw:.^^^'^^'^ 
from Roman ciunin-oiJ. »» Prepared by me\3[^od \o Itom c»ss^nk. ^'^ObsS^ 
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composed. Theacidsof the series^ CcH^ _« | ^^"S*",t!)r^, 

either yield acids of the form C6H5_,n(CO.OH)m4. li tl 
CnH2„(C0.0H) group being oxidised to CO.OH; or the 
are entirely decomposed.^ 

Benzoic Acid, C7H6O2 = C6H5CO(OH), is present in 
various gums and balsams, and is especially abundant in 
gum benzom, the dried exudation from the bark of Styrax 
benzoin — a tree growing in Sumatra, Java, and Borneo. It 
may be produced by all of the general methods of formation 
(p. 294) ; also by oxidation of a mixture of benzene and 
formic acid (p. 115), and by boiling hippuric acid (bmz- 
amido-acctic acid) with hydrochloric acid : 

(CH2(NH.COC6H,) .OH - iCH2(NHo) . jCeH, 
ICO.OH "^ ' " ICO.OH "^ t CO.OH' 

Hippuric acid. Amidoacetic add. Bcjuoic add. 

Benzoic acid may be obtained by sublimation in beautiful 
feathery crystals ; when prepared from gum-benzoin it has 
a fragrant odour, due to the presence of traces of a volatile 
oil \ the pure acid is inodorous when cold. Benzoic acid 
melts at 121°, and boils at about 239° ; it dissolves readily 
in alcohol and in boiling water, but difficultly in cold water. 
\Vlien acted upon by very concentrated nitric acid, or a 
mixture of potassic nitrate and sulphuric acid, it is con- 
verted into a mixture of meta- and ortho-nitrobenzoic acid, 
C6H4(N02)CO(OH) ; the former of these isomeric acids is the 
main product A third isomeric dLcA^paraniirobenzoic add? 
is produced by oxidising crystalline nitrotoluene (p. 125). 

* Alphatoluic, hydrocinnamic, alphaxylic, and homocumic acids are 
members of the series CqHs.oi { c"h^"TcO 0H\ » the remaining acids 

included in the table (p. 296) are members of the metameric series, 

- Probably in those cases in which the acid is entirely decomposed, 
the corresponding acid of the CQH5_ni(CO.OH)ni+i series is first formed, 
but at once further oxidised (see Phthalic Acid^ ^. 'ii9\. 

* The isomeric di-derivati\es o^ Vjetvi^vt ^lt^ c:\aa&^\\v^T^^BK»a!^ 
tccording as they are either deiiveOi irom, ov ^x^ coTXN«xisJv& Vo^ft^ «^ 
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Orthonitrobenzoic acid melts at 145°; metanitrobenzoic acid 
at 1 40° ; paranitrobenzoic acid at about 240°. Each of these 
acids yields on reduction the corresponding amidobeiizoic acid, 
C6H4(NH2)CO(OH). These amidobenzoic acids not only 
form metallic salts in the ordinary manner, but are also capa^ 
ble of combining with the mineral acids to form salts, such 
as amidobenzoic nitrate, C6H4(NH2.HN03)CO(OH), &c. 
This behaviour is characteristic of the amido-acids generally. 
Bromine has no action on benzoic acid in the cold, 
but wtien heated together they form metabromobenzoic acid^ 
C6H4BrCO(OH): by prolonged heating with bromine and 
water, benzoic acid is finally converted mtopentabromobenzoic 
acid, C6Br5CO(OH). On distillation with phosphorus penta- 
chloride, benzoic acid y\t\d!& benzoic chioride (benzoyl chloride), 
CsHjCOCl, as a mobile colourless liquid boiling at 196°, 
which is slowly decomposed by cold water, and reconverted 
into benzoic acid. By the action of nascent hydrogen (evolved 
by sodium amalgam) benzoic acid is converted into hydro- 
benzoic acid, C6H9CO(OH), a crystalline, highly unstable acid, 
which is gradually reconverted by oxidation into benzoic acid 
when recrystallised in contact with atmospheric oxygen. 

CnH2n__8(OH)CO(OH) OR OXYBENZOIC (SALICYLIC) SERIES 

OF MONOBASIC ACIDS. 

The acids of this series are dihydric monobasic acids, and 
bear the same relation to the corresponding acids of the 

may be more or less directly referred to, either of the three isomeric 
benzene-dicarboxylic acids: phthalic acidy isophthalic acid, and tere- 
phthalic acid \ those which are referable to terephthalic acid being 
termed /arrt-derivatives, those referable to isophthalic acid meta- 
derivatives, and those referable to phthalic acid ^rM^^-derivatives. 
The members of these three series are distinguished by differences in 
crystalline foim, melting-point, solubility, &c. The student will find 
a detailed account of the views which the majority of chemists at 
present entertain with regard to these \soxi\w\t coYo^^axA's* \xv ^^^ 
artides: Aroma.t\c Series; Benzene, HovcvoVo^ues. ol\ '^«aiKi\s:. KoS^\ 
in the Supplement to Watts's ' DictionaLry ol CV«o\s»Vr«j ."* 
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benzoic series that the acids of the lactic series bear to the 
acids of the acetic series. The following are known : — 

Orthoxybenzoic (salicylic) acid ^ 
Metoxybenzoic (oxy benzoic) acid 
Paroxybenzoic acid 

o, f3, and y Cresotic acid 



C«H4(OH)CO(0H> 



H3(OH)|(3Q»Qjjj 
fCH,(OH) 



QH^ICOCOH) 



V 



Oxymethylbenzoic acid 

Mandelic (phenylglycoUic) acid . 

"^o I Phloretic acid (?) . 

t s.'S "i Hydrocoumaric (melilotic) acid(?) . 

?2 « ^Hydroparacoumaric acid . 

. CoH,(OH)|^«j^^j^j 

fCsH, 
CH3 
CO(OH) 



^^(^^)lcb(OH) 

C „ |C6H,(0H) 
^2"4|cO(OH) 



Phenyllactic acid . 



Thymotic acid 



'2**SV 



. C,H,(OH)jCH3 



In general behaviour the acids of the salicylic series 
closely resemble the acids of the lactic series, but are more 
stable compounds. By the action of acetic chloride they 
are converted into monaceto-derivatives of the form 
C„H2n_8(O.C2H30)CO(OH); etheric acids of the form 
CnH2n_8(OCnH2n+i)CO(OH) maybe obtained from them 
by methods precisely similar to those employed in the pre- 
paration of the etheric acids of the lactic series (p. 273). 

Salicylic^ oxy benzoic, and paroxybenzoic acids are produced 
by oxidation of the isomeric cresols by fusion with potassic 
hydrate (p. 170); by fusion of the isomeric (ortho-, meta-, 
and para-) mono-haloid derivatives of benzoic acid with 
potassic hydrate — thus metabromobenzoic acid yields 
potassic metoxybenzoate : 



(C6H4Br 
ICO.OH 



+ 2KHO = 



C6H4(OH) 
iCO.OK 



+ KBr + OH2 ; 
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and by the action of nitrous acid on heated aqueous solu- 
tions of the three isomeric amidobenzoic acids ^ : 

jC6H4(NH2) , TTj^Q^ _ jC6H4(OH) . M 4. OHo 

Salicylic acid is also obtained by the simultaneous action of 
sodium and carbonic anhydride on phenol : 

2C6H5(OH) + 2CO2 + Nag = 2C6H4(OH)CO(ONa) + H2; 

by oxidation of saligenin and salicylic aldehyde; and by 
saponification of oil of wintergreen (methylic salicylate, 
p. 151) by potassic hydrate. Paroxybenzoic acid is best 
prepared by fusing anisic acid with potassic hydrate : 

^^A19^^'^+ 2KH0= IS??Ai?^^+ CH3OH+ OH2. 



(CO.OH 



ICO.OK 



' In the case of the monamido-derivatives of the acids of the acetic 
series, which are similarly converted into the corresponding acids of the 
lactic series by the action of nitrous acid (p. 270), it is not possible to 
isolate any intermediate product; but in the case of the monamido-acids 
derived from the benzoic series and isologous series containing propor- 
tionately less hydrogen, the immediate product may usually be isolated. 
For example, by the action of nitrous acid on a r«?/^ aqueous or alcoholic 
solution of amidobenzoic acid to which nitric acid has been added, 
diazobenzoic nitrate is produced : 

• CO(OH) * """' 1 CO(OH) * *""»• 

Similarly a solution of amidobenzoic acid yields diazobenzoic amido- 
benzoate. These diazo-salts are readily decomposed on warming with 
water : nitrogen is evolved, and the corresponding oxy-acid produced : 

C6H4(N2.N03)C0(0H) + OH3 = CeH4(OH)CO(OH) + HNO3 + N^. 

The action of nitrous acid appears always to take place in the manner 
thus indicated: the acid salt of the amido-acid being first converted, 
by the removal of three units of hydrogen, which are replaced by one 
unit of nitrogen, into the corresponding diazo-salt, which by the subse- 
quent action of water is converted into the corresponding oxy-acid ; in 
many cases, however, the diazo-salt produced is so unstable apparently 
that it is at once resolved on formation by the action of water into the 
oxy-acid. (Compare Amines^ Actioft of Nitrous Acid on^ ^. 'i'i'5»\» 
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A number of resins (benzoin, acaroid resin, &c.) also furnish 
this acid when fused with potassic hydrate. 

They are crystalline bodies : salicylic acid melts at 157° ; 
oxybenzoic acid at 199° ; and paroxybenzoic acid at 210°. 
The aqueous solution of salicylic acid is coloured violet on 
the addition of ferric chloride, which is not the case with 
solutions of the isomeric acids. On heating alone, or with 
water, each of these acids is resolved into phenol and car- 
bonic anhydride : salicylic acid being decomposed at 220°- 
230°, paroxybenzoic acid at 200^-210 ; but oxybenzoic acid* 
only at a much higher temperature. On distillation with 
PCI5 salicylic acid is converted into chlorobmzoic chloride, 
C6H4CICOCI, which when decomposed by water yields 
orthochlorobenzoic acid isomeric with metachlorobenzoic 
acid obtained by chlorinating benzoic acid, and with para- 
chlorobenzoic acid formed by oxidising chlcrotoluene. 

The isomeric cresotic acids are obtained by the simultaneous 
action of sodium and carbonic anhydride on the isomeric cresols. 
Oxyinethylbenzoic acid is prepared by acting on paratoluic acid 
at i6o°-i7o° with bromine, and heating the resulting bromotoluic 
acid, CeH^(CH2Br)C0(0H), with water and alkali. Mandelic 
acid (see p. 234). Phloretic acid is produced together with 
phloroglucin on fusing phloretin with potassic hydrate, phloretin 
being obtained by heating phloridzin — a glucoside contained in 
the root-bark of the pear, apple, plum, and cherry tree —with dilute 
acids: C2iHo40,^ + OH^ = CgHj^Og + CjsHj^Oj. Hydrocownaric 
acid is formed by the action of nascent hydrogen on coumaric 
acid, hydroparacoiimaric being similarly prepared from para- 
coumaric acid — an acid obtained from aloes; the former acid 
yields salicylic acid on fusion with potassic hydrate, the latter 
paraoxybenzoic acid. Phenyllactic acid is produced by com- 
bining cinnamic acid with hypochlorous acid and acting upon 
the resulting compound C9H9CIO3 with nascent hydrogen. 
Thyinotic acid is prepared by the simultaneous action of sodium 
and carbonic anhydride on thymol (methylpropylphenol). 

* Oxybenzoic acid distils in great part unchanged when strongly 
heated, but is in part converled VnXo anthrajla'uone, ^^-^.J^^O^— 
^CyHtfOa — 20Ha, an isomende oi aWxaxm. 
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CnH2n_9(OH)2CO(OH) OR DIOXYBENZOIC SERIES OF 

" MONOBASIC ACIDS. 

A number of isomeric modifications of the first term of the 
series — dioxybenzoic acid, C6H3(OH)2CO(OH) — have been 
described, but higher terms have not hitherto been investi- 
gated. The best known are the following : — 

Frotocatechidc acid {carbohydroquinonic add), produced 
by fusing kino, catecliin, and a number of other resins with 
potassic hydrate ; also on similar treatment of the mono- 
sulphonic acids derived from oxybenzoic and paroxybenzoic 
acid; and on oxidation of quinic acid.^ 

Oxysalicylic add, obtained by heating moniodosalicylic 
acid with potassic hydrate. 

Dioxybenzoic acid, prepared by fusing the disulphobenzoic 
acid, C6H3(S03H)2CO(OH), obtained on heating benzoic 
acid with concentrated sulphuric acid and phosphoric anhy- 
dride at 230°, with potassic hydrate. 

These acids are crystalline bodies. On dry distillation 
protocatechuic acid is resolved into carbonic anhydride and 
pyrocatechin, C6H4(OH)2 ; oxysalicylic acid, it is stated, 
yields a mixture of pyrocatechin and hydroquinone ; dioxy- 
benzoic acid yields anthrachrysone {tetraoxyanthraquinone) : 

2C7H6O4 = CuHgOfi -h 2OH2. 

CnH2n»lo(OH)3CO(OH) OR GALLIC SERIES OF MONO- 
basic acids. 

Gallic or Trioxybenzoic Acid, C6H2(0H)3C0(0H), 
has been produced by the action of potassic hydrate on an 
aqueous solution of diiodosalicylic acid ; it exists as such 
in small quantities in many plants, but is most readily ob- 
tained from Turkish gall-nuts {ififra), 

Gallic acid crystallises from water in white needles, of the 

' Quinic acid, CyHjgOe, is a crystalVme add. coiiXalvwt^ ycl ^vwSasswa. 
bark, coffee beans, and a number of otViet veg,eXa\Afc ^oXssfcasMifts.- 
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composition C7Hg05,OH2 ; its aqueous solution has a 
slightly acid astringent taste, and is coloured deep blue by 
ferric salts, but does not precipitate gelatin. Gallic acid 
is very readily oxidised, and rapidly reduces gold and silver 
salts to the metallic state. On heating to 210® it is resolved 
into carbonic anhydride and pyrogallol {pyrogcUiic acid), 
C6H3(OH)3. Acetic chloride converts it into triacetogaUk 
acid, C6H2(OC2H30)3CO(OH). On boiling an aqueous 
solution of gallic acid to which a small quantity of arsenic 
acid has been added, tannic acid is produced, the arsenic 
acid remaining unaltered; tannic acid appears to be an 
etheric anhydride of gallic acid, thus : 



Cr.H« 



f CO.OH 
{OH)a CfiHj. 

-OHj = 



f CO.OH 
(OH), 
10 I 



f. XT 1 CO.OH p „ f CO r 

^""^UOH), " n(0H)3 

Gallic acid. Tannic add. 

By heating v^rith acetic anhydride tannic acid is converted 
into pentacetotannic acid \ v^rhen boiled vyrith concentrated 
hydrochloric acid it is reconverted into gallic acid. By 
heating gallic acid v^rith concentrated sulphuric acid at 100°, 
so-called rufigallic acid, CuHgOg = 2C7H6O5 — 2OH2, is 
produced ; rufigallic acid has powerful dyeing properties, 
yielding with iron and alumina mordants colours similar to 
those furnished by alizarin, to which indeed it appears to be 
closely related, as it also yields anthracene when passed over 
heated zinc dust. 

Tannic Adds or Tannins. 

This name is applied to a class of substances very widely 
distributed throughout the vegetable kingdom, which are mostly 
amorphous, have a slight acid reaction, and are characterised 
by their astringent taste, by yielding a black-blue or green pre- 
cipitate or colouration with ferric salts, by precipitating gelatin 
and albumin from their solutions, and by uniting with animal 
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membrane to form a mass capable of resisting putrefaction (the 
membrane is tanned, as it is termed, and converted into leather). 
At present, however, our knowledge of the composition of these 
substances is extremely limitedl Most of them appear to be 
glucosides, i.e., they yield a glucose and another substance on 
boiling with dilute acids. Those which turn ferric salts black- 
blue usually yield pyrogallol amongst other products on dry 
distillation, whereas those which turn ferric salts green furnish 
pyrocatechin. 

Gallotannic Acid or Tannin^ the best known of these com- 
pounds, exists in the gall-nuts of Quercus infectoria and other 
species of oak, in the common oak-apple, and in sumach, &c. 
It is especially abundant in Aleppo galls, from which it may be 
extracted in the following manner: — A quantity of the finely 
pulverised gall-nuts is placed in a long narrow glass vessel, pro- 
vided at the lower end with a plug of cotton- wool, and ordinary 
ether (containing water and alcohol) poured in. The liquid 
percolates through the mass and is received in a bottle, in which 
it separates into two layers. The lower of these is almost colour- 
less, and consists of an aqueous solution of nearly pure tannin; 
it is separated from the upper, repeatedly washed with ethei, 
aiid then placed to evaporate over svdphuric acid in vacuo. 
Tannin thus obtained forms a yellowish, friable, non-crystalline 
mass, soluble in water, less soluble in alcohol, and very slightly 
soluble in ether. It exhibits an acid reaction, and has a pure 
astringent taste ; with ferric salts it yields a blue-black preci- 
pitate, which is the basis of writing ink. On boiling with dilute 
acids it yields gallic acid and glucose, being first resolved, it 
would seem, into glucose and tannic acid, the latter of which is 
then converted into gaUic acid. The same change occurs when 
powdered galls are mixed with water to a thin paste and ex- 
posed to the air in a warm place for two to three months, water 
being added, from time to time to replace that lost by evapo- 
ration ; and in addition the sugar undergoes alcoholic fermen- 
tation. Strecker was led by his analyses to assign the formula 
C27H22OJ7 to tannin, and regarded it as a glucoside of gallic 
acid; but recent experiments show that it more probably has 
the composition Q^^fi^^^iQ^fi^jd^-vQ^YjP^^201^^2Si^ 
that it is a glucoside of tannic acid. 
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CnH2n-9CO(OH) OR CINNAMIC SERIES OF MONOBASIC 

• ACIDS. 

The same relations exist between the acids of this and the 
benzoic series as between the acids of the acrylic and acetic 
series. 

Three crystalline acids of the composition C8H7CO(OH) 
are known : Cinnamic acid^ which exists ready formed in 
Peru and Tolu balsam, and may also be obtained by oxida- 
tion of cinnamon-oil (cinnamic aldehyde), and by the action 
of sodium and carbonic anhydride on bromocinnamene, 
CgHjBr;^ and atropiczxid isatropic acid, which are obtained, 
together with a basic compound termed tropine^ on boiling 
atropine (the alkaloid of Atropa belladonna) with baric 
hydrate solution. 

Cinnamic acid melts at 120° ; atropic acid at 106®; isatropic 
acid at about 200°. By nascent hydrogen cinnamic acid is 
converted into hydrocinnamic acid, C9H10O2 ; atropic add 
into an acid isomeric with the latter. On fusion with 
potassic hydrate, cinnamic acid yields potassic benzoate and 
acetate : 

(CH(CH.C6H5y' 2KHO— i^Ks , fCeHs „ . 
iCO.OH + '^^^ - IcO.OK + lcO.OK+^^' 

whereas atropic acid fields a mixture of potassic formate and 
the potassic salt of alphatoluic acid : 

' Cinnamic acid is also produced by a remarkable reaction, by heating 
benzoic aldehyde with acetic chloride containing hydrochloric acid. 
The following interpretation of the reaction may be given : 

CeHgCOH + HCl = C6H6CH(0H)C1 ; 

CeH5CH(0H)Cl + CH3COCI = (C6H5CH)CH.COCl + OHa + HCl ; 

(C6H5CH)CH.COCl + OH^ = (CeH5CH)CH.C0(0H) + HCL 

Phenylangelic acid, CnHigOg, homologous -^ith cinnamic acid, has 
been similarly produced by heating benzoic aldehyde with butyric 
chloride. 
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CaH2n_iiC0(0H) SERIES OF MONOBASIC ACIDS^ 

Phenylpropiolic Acidy C6H5C2CO(OH), the sole repre- 
sentative of this series, obtained either by heating a-bromo- 
cinnamic acid with potassic hydrate, or by the union of car- 
bonic anhydride and the sodium derivative of acetenyl- 
benzene (p. 128), is a crystalline acid melting at 136°. 
Nascent hydrogen converts it into hydrocinnamic acid. 

CnH2n_i3CO(OH) OR NAPHTOIC SERIES OF MONOBASIC 

ACIDS. 

Two isomeric acids of this series, a- and ^-naphtoic acid^ 
CioH7CO(OH), are known. These are prepared by dis- 
tilling the potassic salts of a- and /3-naphthalenesulphonic 
acid (p. 13 1) with potassic cyanide, and decomposing the 
resulting cyanides in the usual manner. a-Naphtoic acid 
melts at 160° ; /3-naphtoic acid at 182°, In chemical beha- 
viour these acids resemble benzoic acid most closely. 

By the simultaneous action of sodium and carbonic anhy- 
dride on a- and /3-naphtol (p. 172), two isomeric oxynaph- 
toic acids, CioH6(OH)CO(OH), are produced. 

CnH2n_l9CO(OH) SERIES OF MONOBASIC ACIDS. 

A single acid of the series, anthrcuetiecarboxylic acidy 
Ci4H9CO(OH), has been obtained by heating anthracene 
with carbonic oxychloride at 200°, and decomposing the 
resulting acid chloride with water : 

CuHio + COCI2 = CUH9COCI + HCl. 

It melts at 206°, but is at the same time resolved into 
anthracene and carbonic anhydride. 

CnH2n(CO.OH)2 OR SUCCINIC SERIES OF DIBASIC ACIDS. 

The following terms of this series are known : — 

X 2 
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Oxalic acid . 
Malonic acid . 
Succinic acid . 
Pyrotartaric acid 
Adipic acid . 
Pimelic acid . 
Suberic acid . 
Anchoic acid . 
Sebacic acid . 
Rocellic acid . 



(CO.OH), 

CH,(CO.OH), 

C,H^(CO.OH), 

C5He(CO.OH)2 

C^HgCCO.OH), 

C,H,o(CO.OH), 

C,H,,(CO.OH), 

CsH,e(CO.OH), 
C,5Hso(CO.OH), 



Isomeric modifications of several of these have been obtained. 
Formation^ — i. By oxidation of the primary glycols.^ 
2. From the hydrocarbons of the CnH2n or olefine series : 



CnHjn + Br2 = CnH2nBr2 ; 



C„H2nBr2 + 2KCN = C;H2„(CN)2+2KBr ; 
QH2„(CN)2 + 20H2 + 2KOH = aH2„(CO.OK)2 + 2NH3. 

3. From the ethylic salts of the mono-haloid derivatives 
of the acids of the acetic series, in the following manner : 



CnHonBr 



2nJ 



iCO.OCoH, 



+ KCN = 



rQH2.(CN) 
ICO.OC2H5 "^ ^^^' 



CnH2n(CN) fCO.OK+NHa 

.CO.OC2H5 + ^^2 + 2KUhl-C,H2n|co.OK+C2H5.0H. 

4. By the action of sodium, silver, or copper on the 
mono-haloid derivatives (preferably the iodo-derivatives) 
of the acids of the acetic series : 

2C,H2JC0(0H) + Ag2 = C2nH4,(CO.OH)2 +2AgL 

Properties. — The acids of the succinic series are crystalline 
solids. Like all dibasic acids they yield, as previously ex- 
plained (p. 243), two series of metallic and ethereal salts, 
acid amides, &c. 

' Many of the acids of the series — succinic, adipic, pimelic, suberic, 
and anchoic acid — are obtained by oxidising various fatty and resinous 
substances— tallow, suet, the oils, &c. — with nitric acid. 
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They cannot be distilled unchanged, being resolved either 
into water and the corresponding acid anhydride : 

CnH2,(CO.OH)2 = OH2 + QH2„(CO)20 ; 

or into carbonic anhydride and an acid of the acetic series : 

CnH2n(C0.0H), = CO, + QH^+iCO(OH). 

On electrolysis many of the acids of the series are re- 
solved into an define, carbonic anhydride and hydrogen : 

C,H2n(CO.OH)2 = C,H2n + 2CO2 + Hj, 

When heated with an excess of sodic or baric hydrate 
they are resolved into a paraffin and carbonic anhydride : 

C^H2n(C0.0H)a = C,H2n+2 + ^COj. 

Bromo-substitution-derivatives are obtained by the action 
of bromine, but the substitution is effected far less readily 
than in the case of the acids of the acetic series. 

Oxalic Acid, C2H2O4 = (C0.0H)2. — This acid is 
present in most plants, sometimes in the free state or as 
sodic or potassic salt, but more frequently as calcic oxalate. 
Calcic oxalate is also found in urine and urinary deposits. 
A large number of complex organic substances, such as sugar, 
starch, cellulose, &c., yield oxalic acid when oxidised by 
nitric acid or by fusion with potassic hydrate ; in fact, oxalic 
acid is now prepared on the large scale by heating sawdust 
with a mixture of sodic and potassic hydrate. Oxalic acid 
is produced, as sodic salt, i. by heating sodium in an 
atmosphere of dry carbonic anhydride to about the boiling- 
point of mercury : 2CO2 + Na2 = C204Na2 ; and 2. by 
heating sodic formate : 2HC0(0Na) = H2 + (C0.0Na)2. 
It is also formed by warming an aqueous solution of cyanogen 
with hydrochloric acid or an alkali: C2N2 + 4OH2 «= 
C2O4H2 + 2NH3, and by oxidation of ethylene glycol. 
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Oxalic acid crystallises from water in transparent colour- 
less prisms of the composition CJO4H2, 2OH2 ; the water 
of crystallisation is expelled at 100°, and on continued 
heating the acid is decomposed (see p. 253). Heated in 
presence of dehydrating agents it is readily resolved into 
carbonic anhydride, carbonic oxide, and water. Chlorine 
acting upon an aqueous solution forms hydrochloric acid 
and carbonic anhydride. Nitric acid scarcely affects oxalic 
acid, but by most other oxidising agents it is rapidly oxidised 
to carbonic anhydride and water. 

Malonic Acid, C8H4O4 = CH2(CO.OH)2 (see p. 61). 

Succinic Acid, C2H4 (C0.0H)2, exists in two isomeric 
forms, known respectively as 

fCH2C0.0H fCH, 

tCH2C0.0H tCH(C0.0H)2 

Succinic or ethylenedicarboxylic acid ; and Isosuccinic or ethy lidenedicarboxylic acid. 

Succinic acid may be prepared by method 2 (p. 308) from 
ethylene, and by method 3 from /3-chloropropionic acid, 
isosuccinic acid being prepared from a-chloropropionic acid 
(p. 287) by the same method. Succinic acid was originally 
obtained by dry distillation of amber, in which it exists ready 
formed ; all the acids of the acetic series, from butyric acid 
upwards, are said to yield succinic and other acids 
of the series when oxidised by nitric acid. On the large 
scale it is usually prepared from malic acid by fermen- 
tation. 

Succinic acid melts at 180°, and when heated to the 
boiling-point (about 235°) is resolved into water and succinic 
anhydride ; isosuccinic acid melts at 130°, and when heated 
to 150° is resolved into carbonic anhydride and propionic 
acid. Succinic acid is less soluble in water than isosuccinic 
acid ; a solution of sodic succinate yields a red-brown 
precipitate of ferric succinate with ferric chloride; isosuccinic 
acid is not precipitated by feme cYvVoxv^e, 
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CnH2n_l(OH)(CO.OH)2 OR MALIC SERIES OF DIBASIC ACIDS. 

The acids of this series are trihydric dibasic acids. 
The following are known : 

Tartronic acid (oxymalonic acid) CH(0H)(C0.0H)2 
Malic acid (oxysuccinic acid) . C2H3(OH)(CO.OH)2 

Citramalic acid . . .1 C3H,(OH)(CO.OH)2 

Glutanic acid . . . -J 

Oxyadipic acid . . . C4H7(OH)(CO.OH)2 

Oxysuberic acid . . . C6Hn(OH)(CO.OH)2 

Malic or Oxysuccinic Acid, C2H3(OH)(CO.OH)2. 
— This acid is most widely distributed throughout the 
vegetable kingdom, occurring sometimes in the free state, 
sometimes as potassic, magnesic, or calcic salt ; thus, it is 
contained in unripe apples, in gooseberries, strawberries, 
cherries, &c., but is especially abundant in the not quite 
ripe berries of the mountain ash. It has been obtained by 
digesting monobromosuccinic acid with argentic oxide and 
water. Malic acid, like all the acids of the series, is a white 
crystallinedeliquescentsubstance; when heated with hydripdic 
acid, it is reduced to succinic acid. 

Aspartic Acid, Asparagine, — These two bodies are intimately 
related to succinic acid, aspartic acid being amidosuccinic 
acid, and asparagine the acid amide of aspartic acid ; thus : 

Succinic acid. Aspartic acid. Asparagine. 

Asparagine is a crystalline optically active substance, present 
in asparagus, marsh-mallow, the young shoots of vetches, peas, 
beans, and many other leguminous plants. When boiled with 
a mineral acid and water it is resolved into aspartic acid and 
ammonia. By the action of nitrous acid on an aqueous solution of 
aspartic acid malic acid is produced. 

Glutamic Acid, C3H^(NH2)(CO.OH)2, is a crystalline acid 
obtained, together with aspartic acid and other prodvicAs., <2f^ 
heating gluten, casein, &c., with lQydtoe\!\.OTVc ^ci\^\ xi^xovis* 
acid converts it into glutanic acid. 
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CnHjB- 2(OH)2(CO.OH)2 OR TARTARIC SERIES OF 

DIBASIC ACIDS. 

The members of this series are tetrahydric dibasic acids. 
The following are known : — 

Mesoxahc acid ...(?) C(OH)2(CO.OH)2 

Tartaric acid (dioxysuccinic 

acid) .... C2H2(OH)2(CO.OH)2 
Homotartaric acid . 
Citratartaric acid . 
Itatartaric acid 
Dioxyadipic acid 
Dioxysuberic acid . 



C8H4(OH2)(CO.OH)2 

C4H6(OH)2(CO.OH)2 
C6Hio(OH)2(CO.OH)2 



Tartaric Acid (dioxysticdnic acid\ C2H2(OH)2(CO.OH)2. 
— This acid is also very widely distributed throughout the 
vegetable kingdom, and, together with citric and oxalic 
acids, usually accompanies malic acid in plants.^ It is 
largely employed, and is always prepared from the so-called 
crude tartar or argol (hydric potassic tartrate, C4H5KO6) 
which is deposited from fermenting grape juice during the 
operation of wine making, in the following manner : 

' This circumstance alone suggests that a close genetic relation exists 
between these four acids. Debus has, in fact, recently succeeded in 
obtaining ethylic tartrate, together with ethylic glycoUate, by the 
action of sodium amalgam on an alcoholic solution of ethylic oxalate. 
It may be supposed that by the action of the hydrogen generated by the 
action of the amalgam on the alcohol, ethylic glyoxalate is first pro- 
duced : 

ICO.OC2H5 + "2 - IcO.OCaHs ^ "^^2"5, 

which is in the main converted by the further action of the nascent 

hydrogen into ethylic glycollate, but also in part converted into ethylic 

tartrate; thus : 

CO.OC2H5 



^ICO.OCH, + "* - 



CH.OH 
CH.OH 
iCO.OCaHo 
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A boiling solution of the acid tartrate is treated with pow- 
dered chalk, whereby insoluble calcic tartrate and soluble 
potassic tartrate arc produced : 

2C4H5K0e + CaCOj = C^H^CaOg + C^H^KgOg + CO3 + OH2. 
Calcic chloride solution is then added to the solution of potassic 
tartrate, and the precipitated calcic tartrate added to the pre- 
vious precipitate and the whole treated with sufficient sulphuric 
acid to form calcic sulphate and tartaric acid. Finally, the 
solution of tartaric acid is separated from the precipitated 
calcic sulphate and evaporated to crystallisation. 

Five modifications of tartaric acid exist, namely : — 

1. Dextrotartaric or ordinary tartaric acid, so called from 
its property of causing the plane of polarization of a ray of 
light to rotate to the right. 

2. LcBvotartaric addy which rotates the plane of polariza- 
tion to the left 

3. I^acemic or paratartaric cu:id, which. \s optically inactive, 
and may be resolved into dextro- and Isevo-tartaric acid. 

4. Ifiactive or mesotartaric acid^ which is also optically 
inactive, but cannot be resolved into dextro- and laevo- 
tartaric acid. 

5. Metatartaric acid. This modification is produced by 
fusing tartaric acid, and is uncrystallisable. 

When dibromosuccinic acid is digested with argentic oxide 
and water, it is converted into tartaric acid. The acid thus 
obtained is mesotartaric acid, but Jungfleisch has recently 
shown that by heating with water at 175° it is converted 
into racemic acid, which he separated into dextro- and 
Isevo-tartaric acid. He employed succinic acid prepared 
from ethylene, and has thus proved that it is possible, en- 
tirely by artificial means, to produce an optically active sub- 
stance, which had hitherto been regarded as impossible of 
accomplishment Jungfleisch has also shown that by heat- 
ing with water at 160°, dextrotartaric and racemic acid are 
both converted into mesotartaric acid. 

Dextro- and laevo-tartaric acid have the same specific gravity 
and solubility in water, and their crystals are boMnda^ \s^ xias. 
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same number of faces inclined at exactly the same angles, but 
certain of the faces which, when the crystals are similarly 
placed, are to the right in the one modification (in dextro-tartaric 
acid), are to the left in the other, so that the crystals of these 
two modifications are to one another as an object and its 
reflected image. Solutions of the two modifications of equal 
strength deflect the plane of polarization of a ray of light to an 
equal extent, but in opposite directions. If a solution contain- 
ing equal weights of dextro- and laevo-tartaric acid be evaporated 
to crystallisation, racemic acid is produced,' which on the other 
hand may be resolved into dextro- and laevo-tartaric acid in a 
variety of ways. Thus, Pasteur has shown that if two solutions 
containing equal weights of racemic acid are neutralised— the 
one with ammonia, the other with sodic hydrate, then mixed 
and evaporated to the crystallising point, crystals of sodic 
ammonic tartrate are deposited, half of which have certain 
faces situated on the right, which in the other half are situated 
on the left ; these crystals may be separated by hand, and by 
dissolving separately the two kinds in water, precipitating by 
plumbic nitrate, and decomposing the precipitates of plumbic 
tartrate by dilute sulphuric acid, solutions are obtained which, 
on evaporation yield respectively dextro-tartaric and laevo- 
tartaric acid. 

The crystals of dextro- and laevo-tartaric acid are anhydrous ; 
those of racemic acid have the composition C4HgOg,OH3. 
Racemic acid is less soluble in water than tartaric acid, and 
calcic racemate is insoluble in acetic acid, which dissolves calcic 
tartrate. 

By heating tartaric acid with various alcohols, correspond- 
ing ethereal salts, C2H2(OH)2(CO.OR')2, &c., are produced. 

When tartaric acid is heated with acetic chloride, diaceto- 
tartaric acid, C2H2(O.C2H30)2(CO.OH)2, is formed, but 
converted at the temperature to which it is necessary to heat 
in order to complete the reaction into diacetotartaric anhy- 
dride, C2H2(O.C2H30)2(CO)20. Ethylic tartrate similarly 
treated yields either ethylic acetotartrate or ethylic diaceto- 

* Racemic acid is present together with dextrotartaric acid in certain 
tartars. 
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Azr//-^/^ C2H2(OC2H30)2(CO.OC2H5)2, according to the 
amount of acetic chloride used. 

When distilled with phosphorus pentachloride, tartaric 
acid is converted into chloromaleic chloride*, 

C2H2(OH)2(CO.OH)2 + 4PCI5 = 

C2H2Cl2(COCl)2 + 4POCI3 + 4HCI ; 

C2H2Cl2(COCl)2 = C2HC1(C0C1)2 + HCl. 

Tartaric acid is carbonised by concentrated sulphuric 
acid ; it is very readily oxidised by all oxidising agents ; 
concentrated nitric acid converts it into so-called nitro- 
tartaric acid, C2H2(N03)2(CO.OH)2, which spontaneously 
breaks up into tartronic acid, carbonic anhydride, and 
oxides of nitrogen : 

(?) C2H2(N03)2(CO.OH)2 = 

CH(0H)(C0.0H)2 + CO2 + NO + NO2. 

Saccharic and Mucic Acid (tetraoxyadipic acid), CgH 1 o08= 
fCO.OH 



C4H4(OH)4 



, The formation of these two isomeric 
>CO.Oxi 



acids on oxidation of various sugars has previously been 
noticed (p. 189 et seq.). Saccharic acid, although solid, 
cannot be obtained in crystals ; it is very soluble, even in 
cold water. Mucic acid crystallises readily, and is sparingly 
soluble in cold water. When heated with a concentrated 
solution of hydriodic acid mucic acid is reduced to adipic 
acid : 

rCO.OH 



C4H4(OH) 



4 



1C0.0H + ««^ = 



Ethylic saccharate, C4H4(OH)4(CO.OC2H5)2, prepared by 
passing hydrochloric acid into a solution of saccharic acid in 
alcohol, is converted by acetic chloride into ethylic tetraceto- 
saccharate, C4H4(O.C2H30)4(CO.OC2H5)^. 



I C2H2(CO.OH)2 



C3H4(CO.OH)j 
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CnH2n-.2(CO.OH)2 OR FUMARIC SERIES OF DIBASIC ACTOS. 

The acids of this series bear the same relation to the adds 
of the succinic series that the acids of the acrylic series 
bear to the acids of the acetic series. Thus they imite with 
nascent hydrogen, forming corresponding acids of the suc- 
cinic series ; they unite with (a) the haloid acids and (b) 
halogens, forming (a) mono- and {b) di-haloid substitution- 
derivatives of corresponding acids of the succinic series ; 
and they unite with hypochlorous acid to form monochlori- 
nated acids of the malic series. The following are known :— 

Furaaric acid . 
Maleic acid 
Citraconic acid 
Itaconic acid . 
Mesaconic acid 

FuMARic AND Maleic Acid, C2H2(C0.0H)2, are pro- 
duced ^ by the withdrawal of the elements of water from 
malic acid, C2H3(OH)(CO.OH)2 ; the former is present in 
the common fumitory (Fumaria officinalis)^ in Lichen 
islandicus, &c. 

When malic acid is heated for some time at 130°- 135** it is 
mainly converted into fumaric acid, but when it is rapidly 
heated chiefly maleic acid is produced, and passes over with the 
water. Both are crystalline acids. Maleic acid is very soluble 
in water ; fumaric acid is sparingly soluble. Maleic acid melts 
at about 130°, and at about 160** is converted into maleic 
anhydride, C^HjOj ; fumaric acid melts with difficulty, and at 
about 200° is also converted into maleic anhydride. Both yield 
succinic acid when treated with nascent hydrogen, but com- 
bine with bromine to form isomeric dibromosuccinic acids. On 
electrolysis they are resolved into acetylene, carbonic anhydride, 
and hydrogen. 

' Fumaric acid is also obtained (as baric salt) on boiling trichloro- 
phenomalic acid with baric hydrate solution. Trichlorophenomalic 
acid is an acid, said to have the com^sition C^H^Cl^Og, prepared 
by adding potassic chlorate to a misiXxrce oi\i«aftTv^ ^xA ^vi\-^jK»xvc -ajiA* 
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CiTRAcoNic, Itaconic, and Mesaconic Acid, C5H6O4 = 
C3H4(CO.OH)2, are produced by the withdrawal of water 
and carbonic anhydride from citric acid (p. 318) : — 

When citric acid is rapidly distilled it is converted into citra- 
conic anhydride : 

C3H,(OH)(CO.OH)3 = C3H,(CO)aO + 2OH2 + CO^, 
which readily unites with water, forming citraconic acid. 
Citraconic acid is converted into itaconic acid by heating 
with a small quantity of water for some hours, at about 
150°, and into mesaconic acid by heating with hydrochloric 
acid and decomposing the resulting chloropyrotartaric acid by 
boiling with water. Citraconic and itaconic acid both yield citra- 
conic anhydride on distillation ; mesaconic acid may be sub- 
limed unchanged. 

Citraconic acid melts at 80°, and is very soluble in told 
water. 

Itaconic acid melts at 160°, and is moderately soluble in 
cold water. 

Mesaconic acid melts at 200^*5, and is only slightly soluble. 

With nascent hydrogen they yield the same pyrotartaric acid, 
but unite with bromine, hypochlorous acid, &c., to form isomeric 
acids. On electrolysis each of these acids is resolved into 
allylene, C3H4, carbonic anhydride and hydrogen. The allylene 
from itaconic and mesaconic acid produces a white crystalline 
precipitate of the composition CjHgAg when passed into an 
ammoniacal solution of argentic nitrate, whereas the allylene 
from citraconic acid does not affect such a solution. 

CnH2n_i(CO.OH)3 OR TRICARBALLYLIC SERIES OF 

TRIBASIC ACIDS. 

Tricarballylic Acid, CgHgOe = C3H5(CO.OH)3, the 
only known acid of the series, is obtained as potassic salt 
from the tricyanopropane prepared by double decomposi- 
tion from tribromhydrin (tribromopropane, p. 180) and 
potassic cyanide ; thus : 

C3H5(CN)3 + 3KHO + 3OH2 = 
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Also by heating citric acid with hydriodic acid : 

C3H4(OH)(CO.OH)3+2HI = C3H5(CO.OH)3+OH2+l2. 

Citric Acid {oxytricarbaUylic acid)^ C3H4(OH)(CO.OH)3. 
— This acid is present in many fruits, together with tartaric, 
malic, and oxalic acid, but is especially abundant in the 
lemon, from the juice of which it is always prepared. 

The juice is allowed to ferment a short time, in order to 
separate mucilaginous matter, &c ; it is then filtered and the 
clear liquid neutralised with calcic carbonate ; the insoluble 
calcic citrate which forms is collected, thoroughly washed, 
decomposed by the proper quantity of dilute sulphuric acid, and 

the solution of citric acid evaporated to crystallisation. 

• 

Citric acid crystallises from a cold aqueous solution in 
colourless prisms of the composition C6H807,OH2, very 
soluble in water ; it is a tribasic tetrahydric acid. Like 
malic and tartaric acid it is readily decomposed by sulphuric 
acid, and on oxidation ; when heated it melts, then boils- 
giving off water, and is converted into aconitic addy 
C3H3(CO.OH)3 = C3H4(OH)(CO.OH)3-OH2,anacidof 
the CnH2n_3(CO.OH)3 series. Aconitic acid is found in 
the roots and leaves of monkshood {Aconitum Napdlus)^ 
and other plants of the same genus; by heating at i6o°-i7o° 
it is converted into itaconic acid. 

Desoxalic Acid (trioxycarballylic acid7\ CgHgOg = 
C3H2(OH)3(CO.OH3), is obtained as ethylic salt, together 
with other products, by the action of sodium-amalgam on 
ethylic oxalate (containing alcohol?), and is probably a 
condensation-product of the ethyUc glyoxalate first produced 
(p. 312): 

Ethylic glyoxalate. Ethylic desoxalate. 



Acids of the Phthalic Series. 
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Desoxalic acid is very unstable : on warming with water 
it is resolved into tartaric and glyoxylic acids : 

CeHgOs + OH2 = C4H6O6 + C H4O4. 



CnH2n_8(CO.OH)2 OR PHTHALIC SERIES OF DIBASIC ACIDS. 

The acids of this series bear the same relation to the acids 
of the benzoic series and to the hydrocarbons of tlie 
benzene series that the acids of the succinic series bear to 
the acids of the acetic series and to the paraffins. The fol- 
lowing are known : — 



1^ 



c 



'^Phthalic or ortho-^ 
phthalic acid 

Isophthalic ormeta- 
phthalic acid 

Terephthalic or 
paraphthalic acid 



9 X 



^C,H,(C0.0H)3 



Mesidic or 
acid . 

Xylidic acid . 

Isoxylidic acid 



uvitic] 



:j 



i-CeH3(CH,)(C0.0HX 



M.-P. 

185° 

above 300° 

sublimes,with- 
out melting, 
above 300® 

287^-288° 

280^-283° 

375° 
( sublimes with- 



Cutnidic acid . . C,H,(CH,),(CO.OH), { ""^;';"^\Jj;^- 

Phthalic Acid is produced, together with a small quantity 
of terephthalic acid, on oxidising a mixture of benzene, or 
benzoic acid, and formic acid by sulphuric acid and man- 
ganic oxide (p. 115); and by oxidation of naphthalene, 
naphthalene dichloride, alizarin, &c., by nitric acid. It 
crystallises in plates or prisms, and is sparingly soluble in 
cold water. On distillation it is converted into phthalic 
anhydride, C8H4O3 ; it unites with nascent hydrogen, form- 
ing hydrophthalic add, C6H6(CO.OH)2 ; when boiled with 
an oxidising mixture of potassic dichromate and sulphuric 
acid, it is entirely decomposed. 
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IsoPHTHALic Acid is obtained by oxidation of meta- (iso-) 
xylene, and by fusing the potassic salt of metasulphoben- 
zoic acid * with sodic formate : 

It crystallises in slender white needles, less soluble in water 
than phthalic acid. 

Terephthalic Acid is produced by oxidation of paraxy- 
lene, camphor cymene, and a number of other hydrocarbons 
of the benzene series, and on fusion of potassic parasulphoben- 
zoate with sodic formate. It is a white amorphous powder, 
almost insoluble in water. The baric salt of this acid, and 
of phthalic acid, are very difficultly soluble, even in boiling 
water ; baric isophthalate, however, is excessively soluble. 
Isophthalic and terephthalic acid are scarcely affected when 
heated with an oxidising mixture of potassic dichromate 
and sulphuric acid. 

Phthalic, isophthalic, and terephthalic acids form the 
second term of a series of acids derived from benzene by 
the substitution of H by (CO.OH), of which benzoic (ben- 
zenecarboxylic) acid is the first, and mellitic (benzenehexa- 
carboxylic) acid the last term. With one exception all the 
terms of this series are known ; they are as follows : — 



Benzoic acid . 

Phthalic acid . 
Isophthalic acid 
Terephthalic acid 

Trimellitic acid 
Trimesic acid 
Hemimellitic acid 



CeHsCCO.OH) 
C6H4(CO.OH)j 



C6H3(CO.OH)3 



* This acid is produced, together with a relatively small quantity 
of the isomeric parasulphobenzoic acid, by the action of sulphuric 
anhydride on benzoic acid : 

CeHgCOaH + SO3 - CeH^ | ^^. 
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Pyromellitic acid 
Prehnitic acid . 
Mellophanic acid 

Unknown acid 

Mellitic acid 



. \ C6H2(CO.OH)4 

. C6H(CO.OH)5 
. C6(CO.OH)6 



All these acids yield benzene when heated with a slight 
excess of lime: 

C6H6_^(CO.OH)^ + mCaO = CcHg + mCaCOg. 

Mellitic Acid {benzenehexacarboxylic acid) CjaHgOig** 
Cg(CO.OH)Q. — The aluminic salt of this acid constitutes the 
rare mineral mellite or honey-stone^ found in beds of lignite. 
Mellitic acid has been obtained, it is said, by oxidising carbon. 
It crystallises in small white needles, soluble in water and 
alcohol ; it is a hexabasic acid, and furnishes a variety of 
normal and acid metallic and ethereal salts and amides. On 
distillation with phosphorus pentachloride it yields the acid 
chloride, Ce(COCl)e. 

By the action of nascent hydrogen mellitic acid is converted 
mXo hydromellitic acid, CgHg(CO.OH)g, which, when treated 
with concentrated sulphuric acid, furnishes the two isomeric 
tetrabasic acids — prehnitic and mellophanic acid: 

CeHeCCO.OH)^ + sH^SO^ = CeH8(CO.OH)4 + 2CO3 + 3SO3 

+ 60 Ho. 

Pyromellitic acid, the third benzenetetracarboxylic acid, is 
obtained on heating mellitic acid. 

Similarly, prehnitic acid unites with hydrogen, forming hydro- 
prehnitic acid, CgHg(C0.0H)4, which, on treatment with sul- 
phuric acid, yields tribasic trimesic acid, C6H3(CO.OH)3, and 
on heating is resolved into carbonic anhydride and isophthalic 
acid. The isomeric mellophanic acid furnishes in a similar 
manner tribasic hemimellitic acid and dibasic phthalic acid. 
Hydropyromellitic acid, CgHg(C0.0H)4, is converted into 
trimellitic and phthalic acid on treatment with sulphuric acid. 

When hydropyromellitic acid is distilled it is converted into 
tetrahydrophthalic anhydride, which on boiling with water, 
yields dibasic tetrahydrophthalic acid, CgH8(C0.0H)j|. This 

Y 
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acid unites with nascent hydrogen, forming hexahydrophthalic 
acid, C8H,o(CO.OH)2, which contains only two units of hydrogen 
less than suberic acid ; thus : 

Suberic acid . • . CjH,j(CO.OH), 

1 Hexahydrophthalic acid . CjH,o(CO.OH), 

Tetrahydrophthalic acid . CjHg(CO.OH), 

Hydrophthalic acid . . CeH^(CO.OH)j 

Phthalicacid . . . CjH^(CO.OH), 

When bromine is added to the aqueous solution of tetrahydro- 
phthalic acid bromomalophthalic acid, CjH8Br(0H)(C0.0H)„ 
is formed ; when this acid is heated with baric hydrate solution, 
the baric salt of tartrophthalic acid, CeH8(0H),(C0.0H)v is 
obtained, which is an acid bearing the same relation to hexa- 
hydrophthalic acid that tartaric acid bears to succinic acid. 

Summary, — On comparing the properties of the various 
isologous primary series of acids, it is at once evident that 
the relations between them are precisely similar in character 
to the relations which obtain amongst the various isologous 
series of hydrocarbons. 

Like the hydrocarbons of the paraffin series the acids of 
the corresponding series, namely, those of the acetic, suc- 
cinic, and tricarballylic series, are saturated compounds, and 
of considerable stability; the acids of the benzoic and 
phthalic series evidently correspond to the hydrocarbons of 
the benzene series ; and the analogy between the acids of 
the acrylic and fumaric series and the hydrocarbons of the 
acetylene series, and between the acids of the cinnamic 
series and the hydrocarbons of the cinnamene series, for 
example, is equally obvious. 

The modification which the acids of the various primary 
series undergo when chlorine, or bromine, is introduced in 
place of hydrogen is of the same character as that which 
occurs when the corresponding hydrocarbons are submitted 
to like treatment. 

Similarly, the modification in properties which the acids 
of the various primary series undergo on conversion into acids 
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of secondary series, i.e. into acids of the lactic, tartaric, or 
oxybenzoic series, &c., by the introduction of (OH) in place 
of H, is in all respects analogous to that which occurs on 
conversion of the hydrocarbons into alcohols; the secondary 
acids so formed are less stable than the primary acids from 
which they are derived, and, as a rule, are far more readily 
oxidised than the latter. 

The relations between the successive terms of each 
homologous series of acids are apparently of the same 
character as those which exist between the successive terms 
of the homologous series of hydrocarbons and alcohols, &c 
At present, however, in most cases, only the first few terms 
of each homologous series are known, and our knowledge of 
the properties of the higher homologues is unfortunately 
extremely deficient 



CHAPTER X. 

KETONES. 



The ketones bear the same relation to the aldehydes that 
the secondary monohydric alcohols bear to the primary 
monohydric alcohols, being derived from the secondary 
alcohols by oxidation in the same manner that the aldehydes 
are derived from the primary alcohols ; they may be regarded 
as aldehydes in which H in the COH group has been 
replaced by a monad hydrocarbon group or radicle : 

CnH2n+iCH2.0H ; CnH2n+iC0H. 

Primary Alcohol. Aldehyde. 

(CnH2n+l)2CH.OH j (CnH2n+l)2CO. 

Secondary Alcohol. Ketone. 

Ketones of the series CO(CnH2„+i)2, CO(CnH2n^7)2, 

col ^^**~^ col °~^ (^Q|^n^2n-13 QQ^^J^In-XZ 

iCnH2n+i 'CnH2n_7 ^OnH2n_i3 ^^^ln^l ' 

y 2 
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and a few derived from dibasic acids are known, but our 
chief knowledge is of the ketones of the CO(CnH2n+j)2 
series, the best known of which are enumerated in the 
following list : — 

Dimethyl ketone (acetone) . CO{^JJ» 
Methyl-ethyl ketone . 
Diethyl ketone (propione) 
Methyl-propyl ketone . 
Methyl-isopropyl ketone 

1 Methyl-butyl ketone . 
Propyl-ethyl ketone . 

Methyl-amyl ketone . CO|£?A . 155° 

Dipropyl ketone (butyrone) . CO { ch' CH^* CH* '^° 

Diisopropyl ketone . . ^^{cH/CH^"^ Q) ^Zf-'^Zf 
Diethylated acetone . . CO{^^?^jjx 138° 

Diisobutyl ketone (valerone) CO { ch' Ch[cH^' '^'° 

Diamyl ketone (caprone) . CO{>p*tt"\* 220° 

CH, o 





B.-P. 


f-/-j (CHj 


56° 


^<% 


81° 


coiciS: 


100° 


1 CHjtCHji.Crlj 


101° 


^^iCH(CHJ, 


93° 


^^icH'.CH,.CKj.CH, 


127° 


CO 1 ^1t Vw r-u 


128° 



Methyl -nonyl ketone* . (?) CO|)^"a . 224' 

Dinonyl ketone . . (?) CO { g.H..): ^^ m^s at^g 



* This ketone, prepared by distilling a mixture of the calcic salts of 
acetic and capric acids, is idenlical ^ith. the chief constituent of oil of 
rue. 
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The series QO{(Z^^^_:^^ includes \— 

Melting- 
point. 

Diphenyl ketone 1 C0{^«2* 48" 

(benzophenone) ^ ^ CgH^^ ^ 

Phenyl-tolyl ketone . . COJ^e^s^^j 57° 

Phenyl-benzyl ketone (de-) rc\\^^h az^ 

oxybenzoin) . . J I CHg.CgHj ^^ 

Dibenzyl ketone . . . CO { ^j[^2'^«^« 30° 



/ C H 
The following terms of the CO ] /:°„2n-T series are known : — 

^ ^n"2n+l 



GnHj 

2n+i 



Methyl-phenyl ketone ^^ j CqH 

(acetophenone) 



B.-P. 
o 



co{^lf; 199 

Ethyl-phenyl ketone . . C0|^6^« 210 



'2*^*5 



Methyl-benzyl ketone . . C0{^^3'^»^s 215^ 

/ ( C H 

Propyl-phenyl ketone . . CO ] p|t *ptt pxr 221^ 

Ethyl-benzyl ketone . . C0|p^^*^«^5 225^ . 

. C H 
I sobutyl-phenyl ketone . C0{p1t *pTT/pTT \ 226° 

Formation, — i. By oxidation of the secondary monohydric 
alcohols : 

C(C„H2n+i)2H(OH) + O = CO(C,H2,+02 + OH2. 

2. By the action of carbonic oxide on the sodium organo- 
metallic compounds ; 

CO + 2 NaCnHan+i = CO(C^H2n+i)2 + Naa. 

This method has hitherto only been applied to the prepar- 
ation of ketones of the series CO(CnH2n+i)2. 

3. By the action of the zinc organoirve\s\\\c. coxKs^oxixA^ 
on the acid chlorides ; 
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R'COCl+Zn(C„Hs„+,)s = CO|J„ +ZnCl.C„H2„+,. 

R"{coci+ *z°(c«H,„+,), = 

4. By distillation of the baric or calcic salts of the mono- 
basic monohydric acids, or of mixtures of the salts of two 
different monobasic acids, thus : 



CnH2n4.iC02 



L'nrlon J. 1 ) 



CnH2n+lC02|Qg^ , CnH2n_7C02|^^ 
CnH2n+ 1 CO2 I CnH2n_7C02 ' 

= 2^«Jj2n+llcO + 2CaC03. 

5. By heating a mixture of an acid of the benzoic or 
naphtoic series and a hydrocarbon of the benzene or 
naphthalene series with phosphoric anhydride : 

CnH2n_7CO(OH) + CnH2n^6 = CO(C,H2n«7)2 + OHg ; 

P2O5 + OH2 = 2HPO3. 

6. By the action of zinc on a mixture of the chloride of 
an acid of the benzoic or naphtoic series and a hydrocarbon 
of the benzene or naphthalene series : 

CnH2n,7COCl + QH2n_i4 = HCl + C0| J^JJ"""' ' 

Properties, — i. By the action of nascent hydrogen 
(evolved from sodium amalgam and water) the ketones 
are converted into secondary monohydric alcohols : 

CO(aH2n+,)2 + H2 = C(CnH2n ,)2H(0H) ; 

at the same time a dihydric alcohol (or pinacone) is pro- 
duced, e.g. : 

2COIC Ho J\c. 4- H. --lC(C„Hon_7)2-OH 
2CU(L,n2n.7)2 + ti. -\e^C:,VL^_,^^.C^VL- 
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2. The ketones are especially characterised by their be- 
haviour on oxidation — 

Law of Oxidation of the Ketones, — ^The law may be stated 
in the following general terms : — On oxidising the ketones one 
of the hydrocarbon groups in combination with the CO group 
is converted by the assumption of OH into the corresponding 
monobasic acid ; the other is split off and separately oxidised. 
It appears that it is always the less stable (usually the more 
complex) hydrocarbon group which is thus split off. In the case 
of the ketones of the CO(CnH2n4.j)2 series, which furnish acids 
of the acetic series on oxidation, if this group is derived from a 
primary alcohol it is converted into the acid of the acetic series 
containing the same number of imits of carbon '} 

^^ { CH!(ct!H^+,) + 30 = QH„+,CO(OH) + C„H^+jCO(OH) 

Methyl-propyl ketone, for example, yields acetic and pro- 
pionic acids : 

CO{^^V H ) +30 = CHjCOCOH) + CgH^COCOH). 

If the hydrocarbon group is derived from a secondary alcohol 
it is oxidised to the corresponding ketone : 

^^ { CH(cIk,„+,), + ^^ == CnH2,+,C0(0H) + C0(C„H2„+,),. 
Thus methyl-isopropyl ketone yields acetic acid and acetone : 
^^icH(CH) + 2O - CH3C0(0H) + COCCHa)^. 

* Probably the oxidation does not take place at a single stage, but 
the ketone is perhaps in the fu^t place resolved by the combined 
action of the nascent oxygen and water (or it may be by the action 
of hydric peroxide) into an acid and an alcohol in the manner indicated 
by the equations : 

CO{gHfeH^,,) + (0 + OH,) = C H,.+,CO(OH) 

+ C„,H2m+rCH2(OH); 

CO { cfen,.,,). ■*• <^ ■*• ^^-^ = C.H,.,,CO(OH) 

+ (CmH2„,+i)2.CH(0H); 
the alcohol thus formed being at once fut\hei oxv^^^ei^. 
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Finally, if the hydrocarbon group is derived from a tertiar}' 
alcohol, we may expect that it will be ultimately oxidised to 
acids of the acetic series, containing fewer units of carbon, as 
are the tertiary monohydric alcohols (pp. 149, 216). 

The ketones of other series exhibit a precisely similar 
behaviour ; thus ethyl-phenyl ketone yields benzoic and acetic 
acids : 

^^iCi?fcH + 3O - CeHjCOCOH) + CHjCOCOH); 
and isobutyl-phenyl ketone yields benzoic and isobutyric acids : 
^^ i c'5cH(CH3), + 30 = CeH,CO(OH) + CH(CH3),C0(0H). 

3. When heated with soda-lime, or fused potassic hydrate, 
tne ketones are decomposed in the manner indicated by 
the equation 

COJ^I + NaOH = R'CO(ONa) + R'H. 

Diphenyl ketone, for example, yields potassic benzoate and 
benzene on fusion with potassic hydrate : 

CO(C6H5)2 + KHO = C6H5CO(OK) + CeHg. 

4. I'he ketones unite with hydrocyanic acid, furnishing 
cyanides, which on digestion with hydrochloric acid are 
converted into acids of the lactic series (p. 271). 

1R' 
pjT (methyl-phenyl 

ketone excepted) furnish crystalline compounds with hydric 
ammonic, potassic, and sodic sulphite, from which the 
ketone may be liberated by distillation with an alkali : 

COJ^^ +NaHS03 = C(OH)NaS03J^^ . 

6. By the action of ammonia on the ketones of the 
CO(CnH2n+i)2 series, the oxygen is eliminated in the form 
of water, and basic compounds are formed ; acetone, for 
example, is converted into acetonine : 

3C3H6O + 2NH3 = C9H18N2 + 3OH2. 
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Quinones, — These compounds, of which frequent mention w.ih 
made in describing the hydrocarbons of the benzene, naphthalene, 
and anthracene series, are apparently closely related to the 
ketones, and may, in fact, be regarded as double ketones. ThtiH 
anthraquinone and the isomeric phenanthraquinone may be 
represented in the following manner : 

^6^4 { CO } ^^^ ' 1 CeH* CO > • 

Anthraquinone^ PhenanthrMiuinone. 



CHAPTER XL 

AMINES. 



The amines may be regarded as derived from ammonia 
by the introducrion of hydrocarbon groups or radicle ji in 
place of hydrogen- Primary, secondary, and t/rrti'^ry 
manamims, diamines^ 2i\d triamifus are known', the usiV.r*: 
of the more important series of these o>mpound^ will ?/<: 
evident on inspection of the following general forrniib; : — 
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tion are those in which the groups R in these formulae are 
the so-called radicles derived from the hydrocarbons of the 
CnH2n + 2 ^ud CnH2n_6 series. A large number of the 
natural alkaloids are tertiary amines. 

With few exceptions the amines are basic compounds, 
uniting with acids to form salts analogous to the ammonic 
salts : representing by the symbols A, A*, A^, respectively, 
the amines, diamines, and triamines, and by HX a 
monobasic acid, such as nitric acid, the proportions in which 
the amines in the majority of the cases unite with acids to 
form normal salts is given by the symbols 

A,HX ; A2,2HX ; A3,3HX . 

Salt of monamine. Salt of diamine. Salt of triamine. 

These salts are decomposed by alkalies with separation of 
the amine, just as the ammonic salts are decomposed and 
ammonia separated. 

Formation, — i. By the reduction of the nitro-substitution- 
derivatives of the hydrocarbons by ammonic sulphide, or 
tin and hydrochloric acid, &c (p. 48) : 

C,H2„+i.N0a H- 3H2 = CnHan + i.NHa + 2OH2. 

CnH2a_8(N02)2 + 6H2 = C,H2n.8(NH2)2 + 4OH2. 

2. By distilling the isocyanates (p. 336) and isocyanurates 
with potassic hydrate : 

NR'.CO + 2KHO = NR'H2 + KaCOj. 

These methods are only available for the preparation of 
primary amines. 

3. By the action of the haloid derivatives of the hydro- 
carbons on ammonia, the salt produced being subsequently 
decomposed by potassic hydrate, thus : 

NH3 -F C,H2n^J = N(CnH2n. OHal 3 

N(CnH2n+i)H3l + KHO = N(QH2n+l)H2 + KI +OH2. 

This method is available for the preparation of primary, 
secondary, and tertiary armnes (^se^ £th;ylamincs^^, •Xj-\;l\, 
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4. Amines are also produced by the action of ammonia 
on the aldehydes and ketones, and by various special 
methods. 

Ethylaminey N(C3H5)H2, Diethylamine, N(C3H5)2H, and 
Triethylafniney N(C3H5)3. — ^When ethylic iodide is heated with 
^.n alcoholic solution of ammonia a complex product is obtained, 
which is the result of the following succession of changes : 

C,H,I + NH3= N(C3H,)H3l; 

C3HJ + NCCaHJH,! + NH3 = N(C3Hj2H2l + NHJ ; 
C3HJ + N(C2Hj.)2H3l + NH3 = N(C2H5)3HI +NHJ; 
C3H5I + N(C3H5)3HI + NH3 = N(C3H,)J +NHJ. 

When the mixture of iodides thus produced^ is distilled with 
potassic hydrate a distillate containing ethylamine, diethylamine, 
and triethylamine is obtained, which cannot be separated by 
fractional distillation. If, however, ethylic oxalate is added to 
the mixtiure and the whole heated for several days in a closed 
vessel at 100°, the ethylamine is converted into diethyloxanUde^ 
C303(NH. €3115)3, and the diethylamine into ethylic diethyl- 

oxamatey C2O3 { qX |t ^-^^ , whilst the triethylamine remains 

unaffected. The triethylamine having been distilled off, the 
residue is cooled in a freezing mixture, and then pressed between 
linen cloth ; by this means crystalline diethyloxamide is left be- 
hind and liquid ethylic diethyloxamate passes through; the 
former is purified by recrystallisation from water, the latter by 
fractional distillation. From the pure diethyloxamide and 
ethylic diethyloxamate ethylamine and diethylamine are re- 
spectively obtained by distillation with potassic hydrate. 

Ethylamine is also produced by reducing nitroethane (p. 90), 
and by distilling ethylic isocyanate with potassic hydrate. 

* The proportions in which the several products are obtained varies 
with the amounts of ethylic iodide and ammonia employed and the 
temperature to which the mixture is heated; but even when the propor- 
tion of ammonia taken is largely in excess of that indicated by the first 
equation, the product, although mainly ethylammonic iodide, always 
contains more or less of the other compounds. EthYlic cMa\\dft, ^ssL 
hromide give rise to a similar series of prodvicls. 
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Ethylamine, diethylamine, and triethylamine are colourless 
mobile inflammable liquids, which boil respectively at 19°, 58®, 
and 91°; they possess an ammoniacal odour. The two former 
are very soluble, the latter is sparingly soluble, in water ; the 
solutions are powerfully alkaline, and exhibit most of the pro- 
perties of an ammonia solution: precipitating various metals 
from solutions of their salts as hydrates, for example. The 
chlorides produced by the union of these bases with hydro- 
chloric acid form crystalline double salts with platinic chloride, 
such as 2N(C3H5)H3Cl,PtCl4, 2N(C2H5)aH,a,PtCl4. 

Tetrethylammonic Hydrate^ N(CjH5)^.0H. — Triethylamine 
and ethylic iodide combine readily to form tetrethylammonic 
iodide ; from this compound potassic hydrate does not separate 
triethylamine, but partially converts it by double decomposition 
into tetrethylanunonic hydrate. This latter compound is readily 
produced in a pure state by digesting the iodide with silver 
oxide and water, and is obtained in the solid state on evapo- 
rating the solution over sulphuric acid in vacuo. The aqueous 
solution exhibits the closest resemblance to a solution of potassic 
or sodic hydrate : it is powerfully caustic ; precipitates various 
metallic salts, and is capable of saponifying ethereal salts, &c. 
Tetrethylammonic hydrate is resolved on heating into triethyl- 
amine, ethylene, and water (p. 95) : 

N(C2H,),.0H = N(C3H,)3 + C^H, + OH,. 

Hofnologues of Ethylamine, &c. — By the action of tlie homo- 
logues of ethylic iodide (bromide and chloride) on ammonia a 
series of homologues of the above described amines have been 
obtained, which, in all respects, bear the closest resemblance to 
tbem. Various cases of isomerism present themselves in the 
series : for example, the two primary monamines, propylamine, 
and isopropylamine, are isomeric, but are metameric with the 
secondary monamine ethylmethylamine and the tertiary mon- 
amine trimethylamine : — 
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CH3.CH2.CH 3 


rCH(CH3)a /CH2.CH3 


fCH, 


H ; N- 
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Propylamine. Isopi 


■opylamine. Ethylmethylamine. Trimeth 


ylamine 



Phenylamine, Amidobmnm^x Aniline y ^{C^li^}ly — This 



A niline — Diazo^erivatives, 3 3 3' 

amine was originally obtained by distillation of indigo with 
potassic hydrate ; the botanical name of the indigo plant being 
Indigo/era anil^ it therefore was termed aniline. It has of late 
years attained to great importance on account of the numerous 
and magnificent dyes derived from it, and is prepared on the 
large scale by the reduction of nitrobenzene by iron and acetic 
acid. Aniline is a colourless oily liquid of peculiar odour at 
ordinary temperatures, but at - 8° solidifies to a crystalline 
mass ; it boils at 182**; it is only slightly soluble in water. By 
the action of ethylic iodide it may be converted successively 
into ethylphenyl-, diethylphenyl-, and triethylphenyl-ammonic 
iodide. From the two former ethyl- and diethyl-phenyl- 
amine may be separated by potassic hydrate ; the latter is con- 
verted into triethylphenylammonic hydrate on treatment with 
argentic oxide and water. Aniline forms with the various acids 
well-crystallised salts ; similarly, mono- and di-bromaniline are 
basic compounds and form salts, but the salts of dibromaniline 
are far less stable than the corresponding salts of bromaniline. 
The introduction of a third unit of bromine in place of hy- 
drogen reduces the amine to a neutral body: tribromaniline, 
N(CgH3Br3)H3, being incapable of forming salts. 

Action of Nitrous Acid on the Primary Monamines, — ^The mon- 
amines of the series N(CnH2n4.j)H, are converted into corre- 
sponding monohydric alcohols by the action of nitrous acid : 

CnH2n+rNH3(HN02) = QH^n+i-OH + N^ + OH3. 

The monamines derived from the hydrocarbons of the CnHjn^g 
series and isologous series containing proportionately less hy- 
drogen may also be ultimately converted into corresponding al- 
cohols, aniline, for example, yielding phenol; but in the majority 
of cases an intermediate product — a so-called diazo-derivative — 
may be isolated ; if a salt of the monamine be acted upon, a 
diazo-salt is produced^ e.g. : 

N^ rfs * + HNO2 « N^In'''* + 2OH3; 

Aniline nitrate. DIazobenzene nitrate. 

or generally : 

NR'HgCNOj) + HNOj, - NR'N'''(NO,) + 20Ha. 
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If the amine alone be acted upon a so-called diazo-^mido^Q- 
rivative results ' ; aniline, for example, is converted into diazo- 
amidobenzene : 

The diazo-derivatives as a dass, whether derived from the 
amines or the amido-acids, are highly unstable bodies : thus 
they arc readily decomposed when heated with anhydrous 
alcohol, or with water, or with a concentrated aqueous solution 
of hydriodic acid. The changes which occur in these cases 
result in the formation of compounds derived from the amido- 
compounds, the diazo-derivatives of which are acted upon, by 
the simple replacement of the NH, group by a single vmit of 
hydrogen, by OH, or by a unit of iodine ; for example : 

(C,H5)N3N03 + CaH^O = C,He + HNO, + N, + C^Yifi- 

Diazobeiuene nitrate. AlcohoL Benzene. Aldehyde. 

(C,H5)N3N03 + OH, = QHyOH + HNO, + N^ 
(CjHJNaNO, + HI - CeH^I + HNO, + Ny 

Formation of Compound UrecLsfrom the Amines, — Ammonic 
cyanate, CNO(NH^, (formed by the union of anmionia and 
cyanic acid), it will be remembered, is an exceedingly unstable 
body, being rapidly converted into the metameric compound urea 
or carbamide, CO(NH2)2, on warming (p. 278). Cyanic acid 
also combines with the primary and secondary monanimes (and 
diamines) ; the combination is accompanied by the evolution of 
much heat, and a series of crystalline bodies — known as corn- 
found ureas— is produced, bearing the same relation to urea that 

• 

* Nitrous acid appears to act upon all compounds which may be 
supposed to contain the NH, group in a similar manner : either the 
amido-group is immediately converted into the (OH) group, which is 
the case when, for example, the acid amides, and the amido-derivatives 
of the acids of the acetic series are acted upon ; or a diazo-derivative is 
produced, in which case three units of hydrogen are removed and 
replaced by a single unit of (triad?) nitrogen. Hitherto Uttle attention 
has been paid to the behaviour of the diamines and triamines with 
mtrouszad. 
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the amines bear to ammonia ; thus ethylamine and cyanic acid 
yield aihylurea {ethylcarbamide) : 

CN.OH + NHyQHg = C0{^|J-^2^«. 



In like manner diethylamine and cyanic acid form diethylurea : 
CN.OH + NH(C,H.), = CO{{Jg»jj^)^. 

The primary and secondary monamines react with carbonic disul- 
phide forming compound siilphoureas ; thus, when a mixture of 
phenylamine and carbonic disulphide is heated, diphenylsulpho- 
carbamide is produced : 

2NH,(CeH5) + CSj = CSCNH.CeHs)^ + SH^ 

Sulphocyanates andCyanates, — When a dry mixture of potassic 
sulphocyanate and potassic ethylic sulphate (potassic sulpho- 
vinate) is distilled, ethylic sulphocyanate is produced : 

CN.SK + C3H5KSO4 = CN.SC2H5 + K2SO4 

An isomeric compound, ethylic isosulphocyanate, is obtained by 
distilling ethyl- or diethyl-sulphocarbamide with phosphoric an- 
hydride : 

^^^NRCH ^CS-NCaH^ + NH3. 
CS{5!h:§h'. = CS.NC,H, + NH,.C,H,. 

These two reactions may be generalised, but whereas the former 
is only available for the production of sulphocyanates of the 
series CN.SCnHjn+p the latter appears to be generally available. 
Isosulphocyanates {sulphocarbimides) are also produced by the 
union of the isocyanides (carbamines^ p. 93) with sulphur. 
The sulphocyanates, which may be represented by the formula 

^i/rNV» ^PP^^ always to boil at higher temperatures than 

the corresponding isosulphocyanates, which are represented by 

the formula N | /^-oy/^ thus ethyhc sulphocyanate boils at 146®, 

ethylic isosulphocyanate at 133®. The sulphocyanates are un- 
pleasant smeiJin^ liquids ; the isosu\pVvoc^axi"aX^'s» ^t^^'sfc^^ \s\S5R^ 



336 Organic Chemistry. 

pungent irritating odours. The sulphocyanates are compa- 
ratively inert bodies, and are with difficulty, if at all, attacked 
by ammonia, for example ; the isosulphocyanates, however, com- 
bine with the greatest readmess with ammonia and the amines 
to form compound sulphourests. Allylic sulphocyanate from 
mustard-oil (p. 163) is an isosulphocyanate, hence Hofmann 
applies the generic name of mustard-oils to the isosulpho- 
cyanates. 

By distilling the compound ureas of the form COJj^tt 

( NHR' 
and CO { vthR' ^^^ phosphoric anhydride a series of isocyan- 

ates {carbimides) corresponding to the above described iso- 
sulphocyanates are obtained ; the isocyanates of the series 
CO.NCnHan+i are also produced by distilling a mixture of po- 
tassic cyanate and the potassic ethereal sulphates {Sulphovindtes) 
of the form CnHjn+iKSO^. The cyanates corresponding to the 
sulphocyanatQS are at present unknown. The isocyanates com- 
bine with the amines, forming compound ureas : thus ethylic 
isocyanate and ethylamine unite, forming a diethylcarbamide 
isomeric with the diethylcarbamide produced from cyanic acid 
and diethylamine — the latter compound yields diethylamine, 
ammonia, and potassic carbonate when boiled with potassic 
hydrate solution ; the former ethylamine and potassic car- 
bonate : 

^^{n(c1h,), + ^^"^ " NH(C3H,), + NH3 + K,C03; 
COCNH.CaHs)^ + 2KHO = 2NH3(C2H5) + K2CO3. 

Like cyanic acid the isocyanates are readily polymerised and 
converted into isocyanurates (CO)3(NR')3. 



Fhosphifies, 

The phosphines are a series of compounds bearing to phos- 

phine (phosphuretted hydrogen) the same relation that the 

monamines bear to ammonia. The following primary, 

secondary, and tertiary metivyV scad ^tK^^- i^Kosphines have 
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been obtained by the action of methylic and ethylic iodide 
on phosphine ^ : — 



B. P. 



Methylphosphine . 


. P(CH3)H2 


■ -14° 


Dimethylphosphine 


. P(CH3)2H . 


25° 


Trimethylphosphine 


. P(CH3)3 


, 41° 


Ethylphosphine . 


. P(C2H5)H2 


25° 


Diethylphosphine . 


. P(C2H5)2H 


85° 


Triethylphosphine 


• HC^Hs), 


127° 



The tertiary phosphines are also produced by the action 
of the zinc organo-metallic compounds on PCI3. The 
phosphines exhibit the most striking resemblance to the 
monamines, but are distinguished by their energetic affinities 
for the negative elements, oxygen, chlorine, &c. Many of 
them are spontaneously inflammable in air or oxygen. The 
tertiary phosphines combine with the moniodoparaffins, 
forming iodides, P(CnH2n+i)4l, which are converted into 
corresponding hydrates, P(CnH2n+i)4.0H, on treatment 
with argentic oxide and water ; these hydrates are power- 
fully caustic bases. 

The following series of products is obtained on oxidation 
of the above-mentioned ethylphosphines : — 

Ethylphosphinic acid . . PO(C2H5)(OH)2 
Diethylphosphinic acid . . PO(C2H5)2(OH) 
Triethylphosphinic oxide . • PO(C2H5)3 



CHAPTER XII. 

Organo-metallic Compounds. 

This term is applied to an important class of bodies, which 
may conveniently be regarded as compoimdsof the metals with 

* A description of the preparation and properties of tKes*^ ^opcK^ciXisx^ 
will be found in the youmal of the Chemical Society Iw \^n\ ^^^ ^'^'\'^' 

Z 
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hydrocarbon groups or radicles. The metallic compounds 
of the hypothetical radicles methyl (CHa)' and ethyl 
(CaHj)' have chiefly been studied. The following list of 
some of the principal organo-metallic compounds will serve 
to illustrate the nature of these bodies : — 



Sodic ethide * . 
Magnesic ethide 
Zincic ethide 
Mercuric ethide 
Mercuric phenide . 
Mercuric naphtide . 
Stannous ethide 
Distannic hexethide 
Stannic ethide 
Stannic phenyltriethide 
Plumbic ethide 
Aluminic methide . 
Trimethylarsine 
Diarsentetramethide (cacodyl) . 
Trimethylstibine 
Triethylbismuthine . 



NaCaHs 

Mg(C2H5)2 
Zn(C2H5)2 

Hg(C2H5)2 
HgCCfiH,), 

Hg(CioH7)2 

Sn(C2H5)2 

SnaCCaHs)^ 

Sn(C2H,), 

Sn(C6H5)(C2H5)3 
Pb(C2H«)4 

Al2{CH3)6 

As(CH3)3 

AS2(CH3)4 

Sb(CH3)3 
Bi{C2H5)3. 



Formation, — i. By the action of the metals on the mon- 
iodoparaffins. This method is chiefly employed in the pre- 
paration of the zinc compounds : 

2Zn + 2C„H2„+iI = Zn(CnH2„+i)2 + Znl2. 

2. By the action of the metals alloyed with potassium or 
sodium, on the moniodo-derivatives* of the hydrocarbons. 
This method is very generally available, and has been em- 
ployed in the preparation of the mercury, tin, lead, arsenic, 
antimony, and bismuth compounds, e.g. : 

^ This compound has not been isolated, and is only known in com- 
bination with zincic ethide (see p. 340). 
* In a few cases the mono\5tomo-d^enNa&i«&^^ w«ia5^^ 
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HgNaa + 2CH3I = Hg(CH3)2 + 2 Nal 
HgNaa + 2C6H5Br = Hg{C6H5)2 + 2NaBr 
AsNag + 3C2H5I = As{C2H5)3 + 3NaI. 

3. By the action of the zinc organo-metallic compounds 
on the haloid compounds of the metals. This method is 
applicable in a very large number of cases ; but has failed 
when applied to the haloid compounds of copper, iron, 
silver, and platinum : 

SnCl4 + 2Zn(C2H5)2 = Sn(C2Hft)4 + 2ZnCl2. 
2SbCl3 + 3Zn(C2H5)2 = 2Sb(C2H5)3 + 3ZnCla. 

4. . By the displacement of a metal in an organo-metallic 
compound by another and more positive metal : 

Hg(CH3)2 + Zn = Zn(CH3)2 + Hg 
3Hg(CH3)2 + AI2 = Al2(CH3)6 + 3Hg. 

Zinc Organo-metallic Compounds, — Of these bodies, which are 
by far the most important of the organo-metallic compounds, 
frequent mention has been made in the foregoing pages. The 
zinc compounds of methyl (CHg), ethyl (C3H5), propyl (C3H7), 
isobutyl (C4Hg)^, and isoamyl (CsH^,)^, have been obtained. 

Zincic ethide (zinc ethyl), Zn(C3H5)2, was originally prepared 
by Frankland by heating ethylic iodide with granulated zinc in 
closed vessels at 100®. A crystalline double compound of zincic 
ethide and zincic iodide Zn(C3H5)2, Znig, is obtained, which on 
distillation breaks up at about 150^ into its components. Glad- 
stone and Tribe have recently shown that when zinc foil coated 
with finely divided copper^ is employed, the reaction takes place 
very rapidly and at a much lower temperature. Zincic ethide is 
a mobile, colourless, spontaneously inflammable liquid, which 
boils at Ii8^ It is instantly decomposed by water with forma- 
tion of ethane and zincic hydrate. When carefully treated 
w^ith dry oxygen it is first converted into zincic ethylethylate^ 

1 Prepared by immersing the foil in a dWule ^.c^<wsvi& ^^JcqJorssl <^ 
capric sulphate, 

Z 2 
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Za ^ qJ- |j» •""^ finally into zincic cthylate, Zn/ q^^ 5^ looine 

acts upon it in die following manner : — 

Zn(C,H^\. + I, « ZnCCHJI + QH,I ; 
Zn(C,H5; I + la - Znia + QHJ. 

The employment of the zinc organo-metallic compounds as 
synthetic agoits has hitherto been successful in three distinct 
directions: — 

I. To e^Kict the replacement of the halc^ens in various haloid 
compounds by CH^ C,H^ &c ; of which many instances have 
been ^\*en in previous pages. 

i To ^fect the replacement of oxygen by CH,, C2H5, &c., as 
in the formation of the adds of the lactic series from oxalic 
dcid ,p. 2rt\ 

3. To «^fect the replacement of OCHj, OC^Hg, OCnHan+i by 
CHy C^Hj* *^ttH^B+i ; i*s examples of which may be quoted : 
t. the conv-ersioa of boric ethylate into boric methide : 

^. the formation of the paraffin trimethylmethane from ethylic 
crthcformate ^ -55\ zincic ethide and sodium : 

« 2CH(QHJ, + 3Zn + eNaOC^H^. 

OsA&^ E^M.\ — ^Whei sodium is enclosed in a tube (previously 
tUI^d with coal gos"^ with about ten times its weight of zincic 
ethide* in the course of a few days it is dissolved and zinc de- 
(x>^^i^^i : the product is a solution oi a compound of sodic ethide 
Add iinck tjdtiide — NaCjH,, Zn^CjHj), — in an excess of the 
Utter. This compound is deposited in crystals when the liquid 
15 e\pos«^i to a temperature <rf oP. All the attempts to separate 
$o«.iic ethide from this compound have been imsuccessful. 
Sodium has a similar action on the homologues^ of zincic ethide, 
and analc^ous compounds are formed by the action of the 
metals potassium and lithium. 

* The homologues of zindc ethide are best obtained in a pure state 
by the action of zinc on the corresponding mercury compounds. They 
are in all respects analogous compounds. 
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Mercury Organo-metallic Compounds, — When methylic iodide 
is exposed to sunlight in contact with mercury, the two sub- 
stances combine to form mercuric iodomethide, HglCHg. 
Strange to say, this combination cannot be effected by the aid 
of heat. Similarly, mercuric iodoethide may be obtained by 
exposing ethylic iodide and mercury to diffused daylight only ; 
in bright sunlight the products are mercuric iodide and diethyl 
(tetrane,p. 81). 

Mercuric Methide, Hg(C 113)2, Mercuric Ethide^ Hg(C2H5)2. — 
These bodies are obtained by the action of methylic and ethylic 
iodide on sodium amalgam. The iodides have no perceptible 
action on the amalgam at ordinary temperatures, but on the 
addition of a few drops of acetic ether, a brisk action, accom- 
panied by the evolution of heat, sets in, and the iodide is rapidly 
converted into the organo-mercury compound. The function of 
the acetic ether in the reaction is not understood; it is found in 
undiminished quantity at the close of the reaction. 

Mercuric methide and ethide are highly stable bodies ; they 
are colourless liquids, insoluble in water, but soluble in alcohol : 
the former boils at 93*'-96®, the latter at i58''-i6o*'. In contact 
with mercuric iodide, mercuric methide is converted into mer- 
curic iodomethide. 

OrganO'Silicoit Compounds, 

The great similarity in chemical functions between silicon 
and carbon has during the last few years been strikingly 
illustrated by the discovery of a number of organo-silicon 
compounds ^ related not only in composition but also in 
properties to various well-known carbon compounds. It 
will be evident on inspection of the following lists how 
close is the analogy between the two series : — 

* Descriptions of the preparation and properties of these compounds 
will be found in Watts's Dictionary of Chemistry^ and in the Journal 
of the Chemical Society for 1871, 1872, and 1873. 
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ACS 

ACETAMIDE, 264 
Acetate, amylic, 256 

— htnzyllCf 170 

— butylic, 256 

— ethylic, 256 

— isoamylic, 256 

— isobutylic, 256 

— isopropylic, 256 

— methylic, 256 

— monobromaliylic, 163 

— propylic, 256 
Acetic anhydride, 263 

— chloride, 262 

— disulphide, 264 

— peroxide, 263 

— sulphide, 264 
Acenaphthene, 136, Z37 
Acetal, 15s, 230 
Acetals, 229 
Acetenylbenzene, 228 
Acetins, 182 
Acetone, 257, 324 
Acetonine, 328 ' 
Acetonitrile, 264 
Acetylene^ loi 

— dibromide, 103 

— dichloride^ 103 

— tetrabromide, 103 

— tetrachloride, 103 
Acetyl chloride, 262 
Acid, acetic, 250, 254 

— acetoi>ropionic, 284 

— aconitic, 318 

— acrylic, 287 

— adipic, ^o8 

— alphatoTuic, 296 

— alphaxylic, 296 

•-> amidoacetic. 265, 298 

— amidobenzoic, 299 

— amidocaproic, 265 

— anchoic, 308 

— angelic, 287 

— anisic, 237, 301 

— anthracenecarboxylic. 

307 

— anthraquinone-disul- 
phonic, 134 

— arachidic, 250 



ACI 
Add, aspartic, 3x1 

— atropic, 306 

— behenic, 250 

— benzenedisulphonic, 
176 

— benzoic, 296, 298 

— benzoylbenzoic, 137 

— benz^rlacetic, 260 

— brassic, 288, 293 

— bromacetic, 262 

— bromobenzenesul- 
phonic, Z20 

— bromobenzoic, 125, 299 

— bromoglycoUic, 286 

— bromopropionic, 187, 
287 

— butyric, 250, 266 

— camphoric, 11 1 

— capnc, 250 

— caproic, 250 

— caprylic, 250 

— carbamic, 278 _ 

— carbohydroquinonic, 
303 

— carbonic, 27s 

— carboxylic, 56 

— cerotic, 250, 269 

— chloracetic, 246, 262 

— chlprobenzoic, 302 

— chloropropionic, 287 

— chrysophanic, 132 

— cimicic, 288 

— cinnamic, 238, 306 

— citraconic, 316 

— citramalic, 311 

— citratartaric, 312 

— citric, 318 

— convolvulinoleic, 284 

— cresolsulphonic. 170 

— cresotic, 300, 302 

— croconic, 56 

— crotonic, 287 

— cumic, 296 

— cumidic, 319 

— cumylic, 296 

— cyanacetic, 61 

— cyanic, 68 

— cyanuric, 68 



ACI 
Acid, diunaluric, 288 

— damolic, 288 

— desoxalic, 318 

— dextronic, 189 

— dibenzylacetic, 260 

-^ dibromopropionic, 287, 

2QO 

— dichloranthracene- 
disulphonic, 134 

— diethacetic, 258 ^ 

— diethylphosphinic, 337 

— dihyarocarboxylic, 56 

— dimethacetic, 267 

— dimethoxalic, 291 

— dioxyadipic, 312 

— dioxybenzoic, 303 

— diphenic, 34 

— disulphobenzoic, 307 

— doegtic, 288 

— elaidic, 288, 293 

— epihydric, 283 

— erucic, 288 

— ethacetic, 258, 266 

— ethylbenzoic, 296 

— ethylcrotonic, 287 

— ethyldiacetic, 257 

— ethylphosphinic, 337 . 

— formic, 55, 250 252 

— fumaric, 316 

— gaidic, 288 

— gallic, 185, 303 

— gallotannic, 305 

— gluconic, 189 

— glutamic, 311 

— glutanic, 311 

— glyceric, i8o, 287 

— glycollamidic, 266 

— glycollic, 173, 189, 279 

— glyoxalic, 284 

— glyoxylic, 286 

— jraphitic, 54 

— nemimellitic, 320 

— hexahydrophthalic,322 

— hippuric, 198, 265 

— homocumic, 296 

. — lomotartaric, 312 

— hydriodic, action of, on 
carbon compounds, 44 
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ACI 

Acid, hydracrylic, sSz 

— hydrobenzoic, 2^ 

— hydrobromic, actioa of, 
on carbon compounds, 

44 

— hydrocarboxylic, 56 

— hydrochloric, action of, 
on carbon compounds, 

— hydrocinnamic, 296 

— hydrocoumanc, 302 

— hydrocyanic, 55^ 

— hydroferrocyanic, 63 

— hydromellitic, 321 

— hydroparacoumaric, 
302 

— hydrophthalic, 319 

— hydroprehnitic, 321 

— hydropyromellitic, 321 

— hydrosorbic, 287 

— hypogaeic, 288 

— iodopropionic, 287 

— isatropic, 306 

— isobutyric, 267 

— isophtnalic, 125, 320 

— isopropyLacetic, 268 

— isosuccmic, 310 

— itaconic, 316 

— itatartaric, 212 

— jaiapinoleic, 284 

— lactic, 279 

— lactonic, 189 

— lauric, 250 

— linoleic, 292 

— maleic, 316 

— malic, 311 

— malonic, 280, 308 

— mandelic, 234, 300 

— mannitic, 185 

— melissic, 250, 270 

— mellilotic, 300 

— mellitic, 55, 321 

— mellophanic, 321 

— mesaconic, 316 

— mesidic, 117, 319 

— mesitic, 117 

— mesitylenic, 117, 296 

— mesoxalic, 312 

— metatoluic, 125, 296 

— methacetic, 266 

— methacrylic, 287, 291 

— methethacetic, 268 

— methylamidoacetic, 265 

— methylcrotonic, 287 

— moringic, 288 

— mucic, 185, 315 

— myristic, 250, 294 

— myronic, 163, 190 

— naphthalenesulpnonic, 

131. 307 . 

— naphthalic. 138 

— naphtoic, 307 

— nitric, action of,on car 
bon compounds, 49 



ACI 

Add, nitrobenzoic, 398 

— cenanthylic, 250 

— oleic, 288, 2^3 

— orthocarbomc, 275 

— orthoformic, 255, 275 

— orthotoluic, 126, 296 

— oxalic, 55, 309 

— oxyacetic, 279 

— oxyadipic, 311 

— oxybenzoic, 300 

— ^-oxybutyric, 257 

— oxycnolic, 172 

— oxymethylbenzoic, 300, 

302 

— oxynaphtoic, 307 

— oxysalicylic, 303 

— oxysuberic, 311 

— palmitic, 250, 26^ 

— parabromobenzoic, 125 
-— paralactic, 281 

— paranitrobenzoic, 125 

— paroxybenzoic, 300 

— paraxylic, 126, 296 

— paratoluic, 125, 296 

— pelargonic, 250 

— pentabromobenzoic, 

— pnenolsulphonic, z68 

— phenoldisulphonic, 168 

— phenylangelic, 306 

— phenylben2oic, 139 

— phenyllactic, 300, 302 

— phenylpropiohc, 307 

— phloretic, 302 

— phthalic, 131, 319 

— physetoleic, 288 

— pimelic, 308 

— propionic, 182, 250, 266 

— prehnitic, 321 

— protocatechuic, 303 

— propylacetic, 267 

— pyromellitic, 321 

— pyromucic, 232 

— pyroracemic, 284 

— pyrotartaric, 308 

— pyroterebic, 287 

— pyruvic, 283 

— quinic, 176, 303 

— racemic, 313 

— rhodizonic, 56 

— ricinoleic, 284 

— roccellic, 308 

— rufigallic, 304 

— saccharic, 185, 188, 315 

— salicylic, 300 

— sarcolactic, 281 

— sebacic, 30)8 

— siljcoacetic, 342 

— silicoformic, 34.2 

— sjlicopropionic, 343 

— silicooxalic, 342 

— sorbic, 293 

— stearic, 250, 269 

— stearoUc, 297 



ALC 
Acid, suberic, 308 

— succinic, 308 

— sulphoacetic, 279 

— sulphobenzoic, 320 

— sulphocarbonic, 59 

— sulphocyanic, 69 

— sulphovmic, 97, *. 152, 
320 

— tannic, 304 

— tartaric, 312 

— tartronic, 311 

— tartrophthalic, 322 

— terephthalic, 116, 125, 
320 

— tetrahydrophthali(^ 321 

— tetroleic, 293 

— thiacetic, 264 

— thioglycoUic, 279 

— thymotic, 300, 302 

— toluic, 116, 296 

— toluenesulphonic,'x25 

— tricarballylic, 317 

— trichlorophenomalic, 
316 

— triglycolamidic, 266 

— trihydrocarboxylic, 56 

— trimelh'tic, 320 

— trimesic, 320 

— trimcthacetic, 268 

— valerianic, 161, 267 

— valeric, 250, 267 

— xylic, 126, 296 

— xylidic, 319 
Acid amides, 39, 247 
Acid anhydrides, 39, 248 
Acid chlorides, 39, 246 
Acids, 239 

— amic,^ 247 

— etheric, 273 

— haloid^ substitution- 
derivatives of, 246 

— ortho-, 25s 
Acrolein, T62, 181, 231 
Alanine, 266 
Alcohol, allylic, t6i 

— amyUc, 160 

— benzylic, 170 

— butylic, 157 

— cerylic, 161 

— cetylic, 161 

— cinnamic, 171 

— dibromopropylic, 290 

— ethylic, 152 

— isobutylic, 157 

— isopropylic, 156, 181 

— melissic, 161 

— methylic, 150 

— monobromallylic, 163 

— phenylio (phenol), 167 

— phenylallylic,^ 171 

— phenylpropylic, 171 

— propargylic, 163 

— propyl ic, 156 

— salicylic, 177 
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ALC 

Alcohol, tetrylic, 157 

— vinylic, i6x 
Alcoholates, 154 
Alcohols, conversion of, 

into aldehydes by oxi- 
dation, 3X6 

Alcohols of the ethylic 
series, list of homolo- 
gous and isomeric, 144 

Aldehyde, acetic, 154, 224 

— action of chlorine on, 
227 

— acrylic, 231 

— anisic, 235 

— benzoic, 233 

— butyric, 221 

— caproic, 221 

— caprylic, 221 

— cinnamic, 238 

— crotonic, 227, 230 

— cumic, 23s 

— formic, 221 

— isovaleric, 221 

— bobutvHc, 221 

— oenanthylic, 22 x 

— oxalic, 238 

— oxybutyric, 227 

— phthalic, 238 

— palmitic, 22 x 

— propionic, 22 x 

— salicylic, 178, 2; 
- tri< 

228 



— trichloracetic (chloral). 
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— trichlorocrotonic, 228 

— valeric, 221 
Aldehyde-ammonias, 2x8 
Aldehyde-resin, 225 
Aldehydes, 2x4 

— condensation products 
from, 226 

— polymerides of, 225 
Aldines, 2x9 

Aldol, 226 
Alizarin, 132 

Alkalies,action of, on car- 
bon compounds, 5X 
AUylene, xoi, X04, 3x7 
Allylbenzene, X27 
Allylic iodide, x8x 

— oxalate, i8x 

— tribromide, 163 
AUylphenol, 237 
AUylic sulphide, 163 
Allylic sulphocyanate, 163 
Aluminic methide, 337 
Amarine, 2^^ 
Amides, acid, 247 
Amines, 329 
Amyedalm, X99, 233 
Amylene, 94, 100 
Amylglycenn, X78 
Anhydride, acetic, 263 

' — acetobutyric, 263 

— dtraconic, 317 



ANH 
Anhydride, diacetotar- 
taric^ 3x4 

— lactic, 280 

— maleic, 316 

— phthalic, 319 

— succinic, 3x0 

— tetrahydrophthalic,32X 
Anethol, 237 

Aniline, 332 
Anise-oil, 2^7 
Anise- camphor, 337 
Anol, 237 
Anisob, 209 
Anthracene, 129, X32 

— dihydride, X33 

— hexhydride, X33 
Anthrachrysone, 303 
Anthraflavone, 302 
Anthraquinone, X29, X33, 

329. 
Arabm, X92 
Arabinose, X93 
Argentacetamide, 264 
Asparagine, 3XX 
Atropine, 306 
Austracamphene, X07 
Austraterebenthene, X07 

BENZENE, 1x2, X2X 
— hexabromide, 122 

— hexachloride, 122 
Benzoic aldehyde, 233 

— chloride, 234, 299 
Benzophenone, X37 
Benzylbenzene, X36 
Benzylene chloride, xx9 
Benzylethylbenzene, X36 
Benzylic chloride, xi9,x7o 
Benzyltoluene, 132, X36 
Benzylxylene, X36 
Bitter almond oil, 233 
Boric ethylate, 340 
Bomeol, xii 
Bromanilines, 333 
Bromanthracenes, X33 
Bromethylenes, 96 
Bromine, action of,on car- 
bon compounds, 4X 

— determination of, in 
carbon compounds, xo 

Bromhvdrins, x8o 
Bromobenzene, X23 
Bromophenols, 168 
Bromosalicylol, 236 
Bromotoluenes, 125 
Butylene, 94, xoo 
Butylic iodides, 159 
Butyrone, 324 

CAMPHOR, no 
Cane-sugar, X09 
Caramel, x88 
Carbamide, 378 



CON 
Carbamines, 92 
Carbimides, 336 
Carbinol, x^o 
Carbinol, dimethyl, X56 

— dimethylisopropyl, 

2X6 

— ethyl, X56 

— isoprooyl, 157 

— methyl, X52 

— methylethyl, X57 

— propyl. 157 

— tnmethyl, 157 
Carbinols, 144 
Carbohydrates, x86 
Carbon, action of oxi- 
dising agents on, 55 

— detection of, in organic 
compounds, 2 

— heat of combustion of, 

- estimation of, m or- 
ganic compounds, 2 
Carbonic anhydride, 56 

— disulphide, 57, 

— oxide, 55 

— — compound of, with 
potassium, 55 

compound of, with 

platinous chloride, 56 

— oxychloride, 56 

— oxysulphide, 59 

— tetrachloride, 89 
Cellulonitrins, 190 
Cellulose, 195 
Cerotene, 94 
Cetene, 94 
Chinese-wax, x6r 
Chloracctals, X55 
Chloral, 2j8 

— alcoholate, 154 

— hydrate, 228 
Chlorine acetate, 245 

— action of, on organic 
compounds, 41 

— ^determination of, in 
organic compounds, xo 
Chlorhydrins, x8o 
Chlorobenzenes, X22 
Chloroform, 88 
Chloronaphthalenes, X3t 
Chloronitromethane, 90 
ChlorophenoLs, 168 
Chloropicrin, 88 
Chlorosalicylol, 236 
Chlorotoluenes, xx8, 125 
Cholesterin, X72 
Chrysene, X29, X3S 
Chrysoquinone, X3S 
Cinnamene, X27 

— dibromide, X27 

— dichloride, 127 
Cinnhydramide, 238 
Collodion, X97 
Conine, 2x9 
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cou 

Coumarin, 936 
Creatine, 265 
Cresol. 169 
Crotonylene, xox 
Croton-oil, 390 
Cumene, 126 
Cumin, oil of Roman-, X36 
Cyamelide, 68 
Cyanamide, 69 
Cyanethane, 91 
Cyanides, double, 63 
Cyanofonn, 89 
Cyanogen, 65 

— chlorides of, 67 

— hydrates of, 68 
Cyanopropane, 93 
Cym«ne, 109, 126 



DECINE, 104 
Decone, 104 
Dehydrating agents, ac- 
tion of, 51 
Dextrin, 194 
Dextrose, 187 
Diacetenylbenzene, 129, 

ISO 
Diallyl, 104 
Diallyltetrabromide, Z04, 

Z26 
Diamines, 329 
Diamylene, 94, zoo 
Diarsentetramethide, 338 
Diazo-compounds,3oz,333 
Dibenzyl, 136 
Dibromethane, 99 
Dibromobenzenes, iso- 
meric, 123 ^ 
Dibromoglycid, 163 
Dibutyraldine, 219 
Dichlorethane, 98 
Dichlorhydrin, 156,. x8o 
Dichloromethane, 88 
Diethyl, 81 
Diethylamine, 331 
Diethylated acetone, 324 
Diethylbenzene, 114 
Diethylcarbamide, 334, 

.335 
Diethylmethylbenzene, 

"4 
Diethyloxamide, 331 
Diethylphosphine, 337 
Diethylurea, 335 
Diiodethane, 09 
Dimesitylmethane, 224 
Dimethyl, 80 
Dimethylanthracene, X35 
Dimethylbenzenes, X14, 

125 

Dimethylcarbinol, 156 
JD/inef/iy/phosphiiie, 337 
Dinaphthyl, 131 
JDhutrosiDtbrsiquiaone 134 
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DIN 
Bnzcne, uo 
DiBxtrophBaoii^ 11 

X69 

Dioxymethylene, 222 

DiphenyU X34, 136 

Diphenylbenzene, X39 

Diphenylmethane, X36 

Disropargyl, X26 

Dissociation of com- 
pounds by heat, x6 

Distannic hexethide, 338 

Ditolyl, 136 

Diureides, 220 

Dulcite, X85 

Durene, 114 

Dutch-Uquid, 98 



EMPIRICAL for- 
mulae, X2 
Emulsin, 190 
Epichlorhycuin, z6o 
Erythrite, 158, X84 
Erythromannite, X84 
Ethane,^ 80 

— chlorinated deriva- 
tives of, 98 

Ether, acetic, 256 

— butylic, 2x2 

— ethylic, 206, 2x0 

— ethylic amylic, 2xx 

— ethylic propylic, 212 

— methylic, 212 ^ 

— methylic ethylic, 2x2 

— methylic propylic, 212 

— methylic isopropylic, 
207 

— phenylic, 208, 210 

— propylic, 212 
Ethereal acetates, 256 

— salts, action of sodic 
ethylate on, 261 

Etheric acids, 273 
Ethers, 206 

— preparation of, 206 

— properties of, 209 
Ethide, magnesic, 338 

— mercuric, 338 

— plumbic, 338 

— sodic, 338, 340 

— stannic, 338 

— stannous, 338 

— zincic, 338, 339 
Ethylall^l, 94 
Ethylamine, 331 
Ethylbenzene, 1x3, X25 
Ethylcarbamide, 335 
Ethylcarbinol, X56 
Ethyldimethylbenzene, 

X14 
Ethylene, 94, 97 

— chloride, 98 

— bromvde, 99 



FER 

Ethylidene cUoxidev 96 

— hramide, 99 
Ethyfanethylbenzeae, 1x4 
Ethylnaphthalene, 132 
Ethylphenylanunonic 

iodide, 333 
Ethylphosphine, 337 
Ethylurea, 335 
Ethylic acetate, 2^6 

action of sodium on, 

256 
action of sodic ethyl- 
ate on, 261 

— acetoacetate, 257 

— acetodiethacetate, 258 

— acetoethacetate, 258 

— acetosodacetate, 259 

— bromide, 85 

— carbonate, 277 

— chloride, 85, 98 

— chlorocarbonate, 277 

— cyanide, 92 ' 

— diethacetate, 258 

— diethacetone carbon- 
ate, 258 

— diethyloxamate, 331 

— dimethoxalate, 291 

— ethacetate, 258 

— ethacetone carbonate, 
258 

— formate, action of sodic 
ethylate on, 260 

— hydride, 80 

— iodide, 45, 81, 85 

— isoc3ranate, 336 

— isosulphocyanate, 335 

— nitrate, 49, X96 

— nitrite, 30, 90 

— orthacetate, 255 

— orthocarbonate, 275 

— orthoformate, 255 

— oxalate, action of nas- 
cent hydrogen on, 312, 
31S 

action of sodic ethyl- 
ate on, 260 

— oxide, 206, 210 

— saccharate, 3x5 

— silico-orthacetate, 341 

— silico-orthoformate, 341 

— silico-orthopropionate, 

341 
— - sulphydrate, 205 

— sulphocyanate, 335 

— tartrate, 3x4 
Eucalyn, X90 
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FERMENTATION, 
acetous, 203 

— butyrous, 202 

— lactous, 202 
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FER 

Ferricyanide, potassic, 64 
Ferrocyanide, potassic, 63 
Formulae, empirical, 12 

— graphic, 28 
—-molecular, 14 

— rational, 25 
Fucusine, 232 
Fuaisolt 231 
Fucusamide, 232 
Furfuramide, 232 
FuHurine, 232 
Furfurol, 231 

GALACTOSE, 189 
Garlic oil, 163 
Gaultheria procumbens, 

oil of, 151 
Glucosan, 188 
Glucose, 187 
Glucosides, 187 
Glycerides, 182 
Glycerin, 178 
Glycide, 180 
Glycocine, 265 
Glycocol, 26^ 
Glycol, amylene, 172 

— butylene, 172, 226 

— ethylene, 172 

— hexylene, 172 

— octylene, 172 

— propylene, 172, i8x 

— xylene, 178 
Glycols, 172 

— aromatic, 175 

— polyethylenic, 174 
Glycogen, 195 
Glycosine, 239 
Glyoxal, 238 
Glyoxaline, 239 
Grape-sugar, 187 
Graphic formulae, 28 
Gum-arabic, 192 
Gums, 192 
Gun-cotton, 196 



HALOID phosphorus 
compounds, action 

of, so 
Heat, action of, 53 
Heptane, 71, 76 
Heptylene, 94 
Hexachlorethane, 99 
Hexane, 71, 76 
Hexmethylenamine, 222 
Hexylene, $^4 
Hexylic iodide, 185 
Hydframides, 219 
Hydric allylic sulphate, 

163 
Hydrobenzamide, 234 
'HydrobcDzoin, 234 



HYD 
Hydrocyanbenzaldehyde, 

834 

Hydrogen, action of nas- 
cent, 48 

Hydrogen, detection and 
estimation of, in organiq 
compounds, 2 

Hydroquinone, 169, 176, 

303 
Hydroquinones, 129 

Hydrosalicylamide, 236 



TNOSITE, 189 
X Inulin, 195 
Iodine, rction of, on or- 
ganic compounds, 41 

— determination of, in 
organic compounds, zo 

lodethane, 45, 81, 85 
lodobenzene, zz8 
Iodoform, 89 
lodohexane, 185 
lodomethane, 89 
lodopentane, 82 
lodophenols, 168 
lodopropane, 82 
lodotetranes, isomeric, 

159* 184 
Isoamylbenzene, 114, 1x7 
Isoamyldimethylbenzene, 

114 
Isoamylic sulphydrate, 

205 
Isoamylmethylbenzene, 

Isobutylbenzene, 114 
Isobutylene, 94, zoo 
Isobutylcarbinol, z6o 
Isobutylic butyrate, 267 

— isobutyrate, 267 

— sulphydrate, 205 
Isodinaphthyl, Z31 
Isomerism, 28 
Isopropylbenzene, ZX4 
Isopropylcarbinol, xs7 
Isopropyldimethylben- 

zene, ZX4 
Isopropylethaiie, 82 
Isopropylic iodide, 82, 

z8z 

— sulphydrate, 205 
Isopropylmethane, 8z 
Isopropylmethylbenzene. 

"4 



KETONES,323 
— formation of, 325 

— list of, 324 

— law of oxidation of, 

327 

— properties of, 326 



MUS 

LAGT^DE, 280 
Lactides, 275 
Lactose, 19Z 
Laevulose, 188 
Leucine, 265 
Lignin, x9s 



MAGNESIC ethide, 
TV* , 357 
Maltose, z9z 

Mannite, 184 
Mannitose, Z89 
Marsh-gas, 79 
Melampyrite, 185 
Melene, 94 
Mercaptans, 36, 203 
Mercuracetamide, 264 
Mercuric ethide, 337 

— methide, 341 

— naphtide, 337 

— plienide, 337 
Metachloral, 228 
Metacinnamene, Z28 
Metaldehyde, 226 
Metamerism, 28 
Metapectin. Z98 
Metaxylene, Z25 
Mesitylene, ZZ4, 126 
Metarabin, 92 
Methane, 79 
Methide, aluminic, 337 
Methylal, 230 
Methylamine, Z5Z 
Methylbenzene, Z24 
Methylbenzophenone, 137 
Methylcarbinol, 152 
Methylene chloride, 88 
Methylenitan, 223 
Methylethylcarbinol, XS7 
Methylic chloride, 87 

— hydride, 79 

— iodide, 89 

— nitrite, 90 
— oxalate, xsx 

— sulphydrate, 205 
Methylnaphthalene, 132 
Methylphosphine, 336 
Milk-sugar, X91 
Molecular formulae, Z4 
Monamines, 329 
Monanimes, action of ni- 
trous acid on primary, 

333 
Monobromobenzene, X23 
Monobromocamphor, zzi 
Monochlorethane, 85, 98 
Monochlorethylene, 98 
Monochlorobenzene, 122 
Monochlorhydrin, 180 
Monochlorotaethaj&fi.^ ^•X 
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MYR 

Myricui, i6i 
Myrosin, 199 

I^APHTHALENE. 

Naphtho^ 173 

Naphthoquuione, 131 

Nitriles, 92, 248 

Nitroanthracenes, iso- 
meric, 13s 

Nitroboizene, x3o 

Nitrobromobenzenes, 124 

Nitrochlorobenzenes, 124 

N itrodibromobenzenes, 
123 

Nitroethane, 90 

Nitrogen, detection and 
determination of, in or- 
ganic compounds, 7 

Nitroglycerin, 182 

Nitromethane, 89 

Nitronaphthalenes, 131 

Nitrooctane, 89 

Nitrophenols, 168 

Nitrotoluenes, Z2| 

Nitrotrichloromeuiane, 88 

Nonylene, 94 



OCTYLENE, 94 
CEnanthol, 285 

Oil of cinnamon, 238 

Olefines, 93 

Olein, 178 

Orcin, 175, 177 

Orthoxylene, 114, 125 

Organo-metallic com- 
pounds, 337 

Organo-sihcon com- 
pounds, 340 

Oxaldines, 219 

Oxide,triethylphosphinic, 

337, 
Oxidising agents, action 

of, on carbon compounds, 

46 



PALMITIN, 178 
Paraffin, 82 
Paraffins, 70 

— list of homologous and 
isomeric, 77 

— cyano-denvatives of 
the, 90 

— nitro-derivatives of 
the, 89 

— haloid derivatives of 
the, 84 

Paraldehyde, 226 
Paranthracene, 133 
Paraxylene, 1x4, 125 
Pectin, jgj 



Pectose, 197 
Pentane, 82 
Peroxides, add, 349 
Picolin, 2x9 
Phenol, X67 
Phenanthraquinone, X34, 

329 
Phenanthrene, X34 
Phenoquinone, X69 
Phenose, X34 
Phenylamine, 332 
Phenylbutylene, X27, X30 
Phloroglucin, X83 
Phloretin, 183, 303 
Phloridzin, 302 
Phosphine, diethyl, 336 

— dimethyl, 336 

— ethyl, 336 

— methyl, 336 

— triethyl, 336 

— trimethyl, 336 
Phosphonic iodide, I2X 
Phosphorus, determina- 
tion of, in organic com- 
pounds, ID 

— dissociation of, 17 
Polymerism, 28 
Propane, 81 
Propionamide, 93 
Propione, 324 
Propionitnles, 93 
Propylacetylene, xoi 
Propylbenzene, X14, X36 
Propylcarbinol, 157 
Propylene, 94, 99 

— dfuoride, 179 
Propylmethylbenzene.x Z4 
Pseudocumene, 1x4, X26 
Pyrene, X3C) 
Pyrocatecmn, X76, 303 
Pyrogallol, 183 
Pyroquinone, 139 
Pyroxylic spirit, xsx 
Pyroxylin, X96 



QUINONE, X77 
Quinones, 129, 329 

Quintone, X04 



T^ ATIONAL formula, 

Resorcin, X76 
Rutylene, xoi, X04 

SACCHAROSE, 190 
Salts, ethereal, 243 

— haloidj 245 

— metallic, 242, 243 
Salicin, X77, 235 
Salicylol, 235 
Saligenin, 177* 335 



TRI 

Sarco^e, 265 

Silicon comf)Oimds, or- 

gano-, 340 
Soap, X78 
Sodic ethide, 338 
— ethylic carbonate. 26 
Sodium triacetyl, 257 
Sorbin, 190 
Spermaceti, x6x, 25X 
Staimic phcnyltriethide, 

^33-8 

Starch, x86, X93 

Stearin, X78, 182 

Stilbene, 138 

Storax, X27 

Styracin, X7X 

Sulphates, acid ethereal, 

207 
Sulpnocarbamide, 278 
Sulphocarbamides, 335 
Sulphocyanates, 335 
Sulphonic acids, 206 
Sulphourea, 278 
Sulphur,determination of, 

in organic compounds, 

xo 
Synaptase (emulsin), 199, 

233 



TANNIN, 305 
Tannins, 304 
Terebene, xo8 
Terebenthene, X07 
Terecamphene, 107 
Terpenes, 105 
Terpentin hydrate, 109 
Terpin, 109 
Terpinol, xoo 
Tetrachlorethane, 99 
Tetrachlorobenzene, 122 
Tetrachloromethane, 89 
Tetramethylbenzene, 82 
Tetramethylmethane, 82 
Tetramylene, 94, xoo 
Tetrane, 8x 

Tetraphenylethylene, 139 
Tetrethylaxnmonic hy- 
drate, 332 
Thialdehyde, 225 
Thio-alcohols, 203 
Thio-ethers, 2x2 
Thiofucusol, 232 
Thiofurfurol, 233 
Thiophenol, 205 
Thioresorcin, 205 
Thymol, x6s, X70 
Tofane, 135, X38, 234 
Toluene, zx2, X24 
Toluol, X24 
Toluylene, X38 
Triamylene, 94, zoo 
Trichloraldehyde, 228 
Trichlorethane, 98 
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TRI 
Trichlorhydrin, 179 
Trichloromethane, 88 
Tricyanomethane, 89 
Triethylamine, 330 
Triethylphosphine, 337 
TriethylDismuthine, 338 
Triiodomethane, 89 
Trimethylarsine, 338 
Trimethylbenzenes, 114 
Trimethylmethane, 81 
Trimethylstibine, 338 
•Triphenylmethane, 139 
Triureides, 220 



URE 

UREA, 2, 278 
Ureas, compound, 

334 
Urethanes, 278 



VAPOUR density, de- 
termination of, 19 
Valylene, 104 
Valerylene, loi 
Vinylic chloride, 98 



ZIN 
VYLENE, X13, 125 
jl\. Xylyiic chloride. 



135. 

Xyloidin, 



194 
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ZINCIC ethitle, 339 
Zinc emyl, 339 
Zinc, organo-metallic 
compounds of, 339 
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